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ENVIRONMENTAL PROTECTION AGENCY 
[OPPT-2003 - 0012; FRL-7303-8) 

Perfluorooctanoic Acid (PFOA), Fluorinated Telomers; Request for 
Comment, Solicitation of Interested Parties for Enforceable Consent 
Agreement Development, and Notice of Public Meeting 

AGENCY: 
ACTION: 

Environmental Protection Agency (EPA). 
Notice. 

SUMMARY: EPA has identified potential human health concerns from 
exposure t o per fluorooctano i c acid (PFOA) and its salts, although there 
remains considerable scientif i c uncertainty regarding pot ential risks . 
EPA is requesting public comment on pert inent top i cs of interest , as 
discussed i n this document , and the submission of additional data 
concerning these chemicals. EPA is also soliciting the identification 
of interested parties who want to monitor or participate in 
negotiations on one or more enforceable consent agreements (ECAs) under 
section 4 of the Toxic Substances Control Act (TSCA) concerning PFOA 
and fluorinated telomers which may metabolize or degrade to PFOA, and 
is announcing the first public meeting for these ECA negotiations . 

DATES: Comments on this notice must be receiv ed on or before May 16, 
2003. 

Notify EPA in writing on or before May 16, 2003 of y our des i re to 
be accorded '' interested party ' ' status for the purpose of 
participating in or monitoring the negotiations fo r development of ECAs 
concerning PFOA and telomers. 

A public meeting has been scheduled to initiate negot iations on an 
ECA for PFOA and telomers, from 1 p.m . to 5 p.m., on Friday, June 6, 
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2003. 

ADDRESSES: Submit your comments, identified by docket ID number OPPT-
2003-0012, online at hJ:J:_p__;_L(~_:_~29_,_9_°-YL~si°- C:::K~t / (EPA ' s preferred 
method), or by mail to EPA Docket Center (7407), Environmental 
Protection Agency, 1200 Pennsylvania Ave., NW., Washington, DC 20460-
0001. For additional comment submission methods and detailed 
instructions, go to Unit I.C. of the SUPPLEMENTARY INFORMATION. 

Submit your notification for '' interested party' ' status separately 
from any comments submitted, identified ' 'Attention: PFOA ECA 
Notification'' by mail to Brigitte Farren, Chemical Control Division 
(7405M), Office of Pollution Prevention and Toxics, Environmental 
Protection Agency, 1200 Pennsylvania Ave., NW., Washington, DC 20460-
0001. To protect personal information from disclosure to the public, 
please submit these notifications separately from your comments and do 
not use any online electronic commenting system to submit this 
notification. 

The public meeting to initiate negotiations on ECAs for PFOA and 
telomers will be held at the Environmental Protection Agency, EPA East 
Bldg., Rm. 1153, 1201 Constitution Ave., NW., Washington, DC. 

FOR FURTHER INFORMATION CONTACT: For general information contact: 
Barbara Cunningham, Director, Environmental Assistance Division 
(7408M), Office of Pollution Prevention and Toxics, Environmental 
Protection Agency, 1200 Pennsylvania Ave., NW., Washington, DC 20460-
0001; telephone number: (202) 554-1404; e-mail address: '.:J:g:: ~::: 

tl-2_tl, __ ~!!~~-~l2~_'._f!2._"". . 
For technical information contact: Mary Dominiak, Chemical Control 

Division (7405M), Office of Pollution Prevention and Toxics, 
Environmental Protection Agency, 1200 Pennsylvania Ave., NW., 
Washington, DC 20460-0001; telephone number: (202) 564-8104; e-mail 
address: Q°-._Il)j_~:iJ915:: _I!1_8:_!:Y~~Q_a.__._gQy · 

SUPPLEMENTARY INFORMATION: 

I . General Information 

A. Does this Action Apply to Me? 

This action is directed to the public in general, and may be of 
particular interest to manufacturers, importers, processors, exporters, 
distributors, and users of PFOA, fluoropolymers, fluoroelastomers, and 
telomer chemicals. Since other entities may also be interested, the 
Agency has not attempted to describe all the specific entities that may 
be affected by this act i on. If you have any questions regarding the 
applicability of this action to a particular entity, consult the 
technical person listed under FOR FURTHER INFORMATION CONTACT . 

B. How Can I Get Copies of this Document and Other Related Information? 

1. Docket. EPA has established an official public docket for this 
action under docket identification (ID) number OPPT-2003-0012. The 
official public docket consists of the documents specifically 
referenced in this action, any public comments received, and other 
information related to this action. Although a part of the official 
docket, the public docket does not include Confidential Business 
Information (CBI) or other information whose disclosure is restricted 
by statute. The official public docket is the collection of materials 
that is available for public viewing at the EPA Docket Center , Rm. 
B102-Reading Room, EPA West, 1301 Constitution Ave., NW., Washington, 
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DC. Additional information concerning the topics discussed in this 
notice can be found in Administrative Record (AR)-226: PFOS, PFOA, 
Telomers, and Related Chemicals, which was established by the Agency in 
2000 to receive information on various fluorinated chemicals, including 
PFOA. These materials are also available in the EPA Docket Center. The 
EPA Docket Center is open from 8:30 a.m. to 4:30 p.m., Monday through 
Friday, excluding legal holidays. The EPA Docket Center Reading Room 
telephone number is (202) 566-1744 and the telephone number for the 
OPPT Docket, which is located in EPA Docket Center, is (202) 566-0280. 

2. Electronic access. You may access this Federal Register document 
electronically through the EPA Internet under the ''Federal Register'' 
listings at http: //www.epa.gov/fedrgstr/. 

An electronic version of the public docket is available through 
EPA's electronic public docket and comment system, EPA Dockets. You may 
use EPA Dockets at htt£:__//www.epa.gov~edocket / to submit or view public 
comments, access the index listing of the contents of the official 
public docket, and to access those documents in the public docket that 
are available electronically. Although not all docket materials may be 
available electronically, you may still access any of the publicly 
available docket materials through the docket facility identified in 
Unit I . B.l. Once in the system, select '' search,'' then key in the 
appropriate docket ID number. 

Certain types of information will not be placed in the EPA Dockets. 
Information claimed as CBI and other 
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information whose disclosure is restricted by statute, which is not 
included in the official public docket, will not be available for 
public viewing in EPA's electronic public docket. EPA's policy is that 
copyrighted material will not be placed in EPA's electronic public 
docket but will be available only in printed, paper form in the 
official public docket. To the extent feasible, publicly available 
docket materials will be made available in EPA's electronic public 
docket. When a document is selected from the index list in EPA Dockets, 
the system will identify whether the document is available for viewing 
in EPA's electronic public docket. Although not all docket materials 
may be available electronically, you may still access any of the 
publicly available docket materials through the docket facility 
identified in Unit I.B.l. EPA intends to work towards providing 
electronic access to all of the publicly available docket materials 
through EPA's electronic public docket. 

For public commenters, it is important to note that EPA's policy is 
that public comments, whether submitted electronically or in paper, 
will be made available for public viewing in EPA's electronic public 
docket as EPA receives them and without change, unless the comment 
contains copyrighted material, CBI, or other information whose 
disclosure is restricted by statute. When EPA identifies a comment 
containing copyrighted material, EPA will provide a reference to that 
material in the version of the comment that is placed in EPA's 
electronic public docket. The entire printed comment, including the 
copyrighted material, will be available in the public docket. 

Public comments submitted on computer disks that are mailed or 
delivered to the docket will be transferred to EPA's electronic public 
docket. Public comments that are mailed or delivered to the docket will 
be scanned and placed in EPA's electronic public docket. Where 
practical, physical objects will be photographed, and the photograph 
will be placed in EPA's electronic public docket along with a brief 
description written by the docket staff . 
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C. How and To Whom Do I Submit Comments? 

You may submit comments electronically, by mail, or through hand 
delivery/courier. (Please note, however, that to protect personal 
information from disclosure to the public, you should not follow the 
instructions in this section to submit your notification for 
' 'interested party'' status . .Such notification should be submitted 
separately from any comments on this document using the specific 
instructions provided under ADDRESSES. Do not use any online electronic 
commenting system to submit this notification.) To ensure proper 
receipt by EPA, identify the appropriate docket ID number in the 
subject line on the first page of your comment. Please ensure that your 
comments are submitted within the specified comment period. Comments 
received after the close of the comment period will be marked ' ' late . '' 
EPA is not required to consider these late comments. If you wish to 
submit CBI or information that is otherwise protected by statute, 
please follow the instructions in Unit I.D. Do not use EPA Dockets or 
e-mail to submit CBI or information protected by statute. 

1. Electronically . If you submit an electronic comment as 
prescribed in this unit, EPA recommends that you include your name, 
mailing address, and an e-mail address or other contact information in 
the body of your comment . Also include this contact information on the 
outside of any disk or CD ROM you submit, and in any cover letter 
accompanying the disk or CD ROM. This ensures that you can be 
identified as the submitter of the comment and allows EPA to contact 
you in case EPA cannot read your comment due to technical difficulties 
or needs further information on the substance of your comment . EPA's 
policy is that EPA will not edit your comment, and any identifying or 
contact information provided in the body of a comment will be included 
as part of the comment that is placed in the official public docket, 
and made available in EPA's electronic public docket. If EPA cannot 
read your comment due to technical difficulties and cannot contact you 
for clarification, EPA may not be able to consider your comment. 

i . EPA Dockets. Your use of EPA's electronic public docket to 
submit comments to EPA electronically is EPA's preferred method for 
receiving comments. Go directly to EPA Dockets at http: //www.epa.gov/ 
edocket / , and follow the online instructions for submitting comments . 
Once in the system, select ''search,'' and then key in docket ID number 
OPPT-2003-0012. The system is an ' ' anonymous access'' system, which 
means EPA will not know your identity, e-mail address, or other contact 
information unless you provide it in the body of your comment. 

ii. E-mail. Comments may be sent by e-mail to opp t.ncic@epa.gov , 
Attention: Docket ID Number OPPT-2003-0012. In contrast to EPA's 
electronic public docket, EPA's e-mail system is not an ' 'anonymous 
access'' system. If you send an e-mail comment directly to the docket 
without going through EPA's electron ic public docket, EPA's e-mail 
system automatically captures your e-mail address. E-mail addresses 
that are automatically captured by EPA's e-mail system are included as 
part of the comment that is placed in the official public docket, and 
made available in EPA's electronic public docket. 

iii. Disk or CD ROM . You may submit comments on a disk or CD ROM 
that you mail to the mailing address identified in Unit I.C.2. These 
electronic submissions will be accepted in WordPerfect or ASCII file 
format. Avoid the use of special characters and any form of encryption. 

2. By mail. Send your comments to: Document Control Office (7407M), 
Office of Pollution Prevention and Toxics (OPPT), Environmental 
Protection Agency, 1200 Pennsylvania Ave . , NW . , Washington, DC 20460-
0001. 

3. By hand delivery or courier. Deliver your comments to: OPPT 
Document Control Office (DCO) in EPA East Bldg . , Rm. 6428, 1201 
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Constitution Ave., NW. , Washington, DC . Attention: Docket ID Number 
OPPT-2003~0012. The DCO is open from 8 a.m. to 4 p.m., Monday through 
Friday, excluding legal holidays. The telephone number for the DCO is 
(202) 564-8930. 

D. How Should I Submit CBI To the Agency? 

Do not submit information that you consider to be CBI 
electronically through EPA's electronic public docket or by e-mail . You 
may claim information that you submit to EPA as CBI by marking any part 
or all of that information as CBI (if you submit CBI on disk or CD ROM, 
mark the outside of the disk or CD ROM as CBI and then identify 
electronically within the disk or CD ROM the specific information that 
is CBI). Information so marked will not be disclosed except in 
accordance with procedures set forth in 40 CFR part 2. 

In addition to one complete version of the comment that includes 
any information claimed as CBI, a copy of the comment that does not 
contain the information claimed as CBI must be submitted for inclusion 
in the public docket and EPA's electronic public docket. If you submit 
the copy that does not contain CBI on disk or CD ROM, mark the outside 
of the disk or CD ROM clearly that it does not contain CBI. Information 
not marked as CBI will be included in the public docket and EPA's 
electronic public docket without prior notice. If you have any 
questions about CBI or the procedures for claiming CBI, 
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please consult the technical person listed under FOR FURTHER 
INFORMATION CONTACT. 

E. What Should I Consider as I Prepare My Comments for EPA? 

We invite you to provide your views on the various options we 
propose, new approaches we have not considered, the potential impacts 
of the various options (including possible unintended consequences), 
and any data or information that you would like the Agency to consider 
during the development of the final action . You may find the following 
suggestions helpful for preparing your comments: 

1. Explain your views as clearly as possible. 
2 . Describe any assumptions that you used. 
3. Provide copies of any technical information and/or data you used 

that support your views. 
4. If you estimate potential burden or costs, explain how you 

arrived at the estimate that you provide. 
5. Provide specific examples to illustrate your concerns. 
6. Offer alternative ways to improve the notice or collection 

activity. 
7 . Make sure to submit your comments by the deadline in this 

notice. 
8. To ensure proper receipt by EPA, be sure to identify the docket 

ID number assigned to this action in the subject line on the first page 
of your response. You may also provide the name, date, and Federal 
Register citation. 

II . What Action is the Agency Taking? 

EPA has prepared a preliminary risk assessment (Ref . 1) on 
perfluorooctanoic acid (PFOA) (Octanoic acid , pentadecafluoro-; 
Chemical Abstracts Service Registry Number (CAS No.) 335-67-1) and its 
salts, predominantly ammonium perfluorooctanoate (APFO) (Octanoic acid, 
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pentadecafluoro-, ammonium salt (CAS No. 3825-26-1)). This preliminary 
assessment indicates potential nationwide human exposure to low levels 
of PFOA. Based on certain animal studies, there could be a potential 
risk of developmental and other adverse effects associated with these 
exposures in humans. However, this assessment also reflects substantial 
uncertainty about the interpretation of the risk. EPA has identified 
areas where additional information could be very helpful in allowing 
the Agency to develop a more accurate assessment of the potential risks 
posed by PFOA and the other compounds addressed in this notice, and to 
identify what voluntary or regulatory mitigation or other actions, if 
any, would be appropriate. EPA is making this preliminary assessment 
public in order to identify the Agency's concerns, to indicate areas 
where additional information or investigation would be useful, and to 
request the submission of data addressing these issues. 

EPA is also soliciting the identification of parties who would be 
interested in monitoring or participating in negotiations for the 
development of one or more ECAs under section 4 of TSCA on PFOA and on 
fluorinated telomers (hereafter ''telomers' ')which may metabolize or 
degrade to PFOA. The intent of the ECAs would be to develop additional 
information, particularly environmental fate and transport information, 
to enhance understanding of the sources of PFOA in the environment and 
the pathways by which human exposure to PFOA is occurring. 

III. Background 

In 1999, EPA began an investigation after receiving data on 
perfluorooctyl sulfonate (PFOS) indicating that PFOS was persistent, 
unexpectedly toxic, and bioaccumulative. These data also showed that 
PFOS had been found in very low concentrations in the blood of the 
general population and in wildlife around the world. 3M Company (3M), 
the sole manufacturer of PFOS in the United States and the principal 
manufacturer worldwide, announced in May 2000 that it was discontinuing 
its perfluorooctanyl chemistries, including PFOS. EPA followed the 
voluntary 3M phaseout with regulatory action under TSCA section 5 to 
limit any future manufacture or importation of PFOS before EPA has had 
an opportunity to review activities and risks associated with the 
proposed manufacture or importation (Ref. 2). 

In June 2000, EPA indicated that it was expanding its investigation 
of PFOS to encompass other fluorochemicals, including PFOA, in order to 
determine whether these other fluorochemicals might present concerns 
similar to those found with PFOS. EPA was concerned in part because 3M 
had also found PFOA in human blood during the studies on PFOS (Ref. 3). 

In September 2002, the Director of OPPT initiated a priority review 
on PFOA because the developmental toxicity data, the carcinogenicity 
data, and the blood monitoring data presented in an interim revised 
hazard assessment raised the possibility that PFOA might meet the 
criteria for consideration under TSCA section 4(f) (Refs. 4 and 5). 
When the priority review commenced, EPA anticipated completing the 
review within a few months. However, as explained in this notice, there 
remain substantial uncertainties associated with the preliminary risk 
assessment. EPA believes these uncertainties may be reduced through 
acquisition of the information described in this notice. EPA is 
therefore continuing the priority review in order to acquire this 
information and better inform the Agency's decisionmaking. 

A. PFOA Sources and Uses 

PFOA and its salts are fully fluorinated organic compounds that can 
be produced synthetically and formed through the degradation or 
metabolism of certain other manmade fluorochemical products. PFOA is a 
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synthetic chemical and is.not naturally occurring. Consequently, all 
PFOA in the environment is attributable to human activity. 

PFOA is used primarily to produce its salts, which are used as 
essential processing aids in the production of fluoropolymers and 
fluoroelastomers. Although they are made using PFOA, finished 
fluoropolymer and f luoroelastomer products are not expected to contain 
PFOA. In recent years, less than 600 metric tons per year of PFOA and 
its salts have been manufactured or imported in the United States (Ref. 
6). The major fluoropolymers manufactured using PFOA salts are 
polytetrafluoroethylene (PTFE) and polyvinylidine fluoride (PVDF). PTFE 
has hundreds of uses in many industrial and consumer products, 
including soil, stain, grease, and water resistant coatings on textiles 
and carpet; uses in the automotive, mechanical, aerospace, chemical, 
electrical, medical, and building/construction industries; personal 
care products; and non-stick coatings on cookware. PVDF is used 
primarily in three major industrial sectors: Electrical/electronics, 
building/construction, and chemical processing. 

PFOA can be commercially manufactured by two major alternative 
processes: The Simons Electro-Chemical Fluorination (ECF) process, and 
a telomerization process. Releases from manufacturing processes are one 
source of PFOA in the environment. Historically, most U.S. production 
was by 3M using the ECF process. 3M discontinued its manufacture of 
PFOA between 2000 and 2002, and other domestic producers are using the 
telomerization process exclusively. 

In the ECF process, an electric current is passed through a 
solution of anhydrous hydrogen fluoride and an organic feedstock of 
octanoic acid or a derivative . The ECF process replaces the 
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carbon-hydrogen bonds on molecules of the organic feedstock with 
carbon-fluorine bonds. Perfluorination occurs when all the carbon­
hydrogen bonds are replaced with carbon-fluorine ones. The ECF process 
yields between 30-45% straight chain (normal) perfluorooctanonyl 
fluoride (PFOF), along with a variable mixture of byproducts and 
impurities. The output of the ECF process consists of a complex 
combination of chemical substances with varying molecular weights, 
including higher and lower straight-chain homologues; branched-chain 
perfluoroalkyl fluorides of various chain lengths; st~aight-chain, 

branched, and cyclic perfluoroalkanes and ethers; and other byproducts. 
After disposal or recovery of some of the byproducts and impurities, 
the acid fluoride is base hydrolyzed in batch reactors to yield PFOA. 
The PFOA salts are synthesized by base neutralization of the acid to 
the salt in a separate reactor. 

In the telomerization process, tetrafluoroethylene is reacted with 
other fluorine-bearing chemicals to yield fluorinated intermediates 
which are readily converted into PFOA. This process yields 
predominantly straight-chain acids with an even number of carbon atoms. 
Distillation can be used to obtain pure components. Commercial products 
manufactured through the telomerization process, sometimes known as 
telomers, are generally mixtures of perfluorinated compounds with even 
carbon numbers, although the process can also produce compounds with 
odd carbon numbers. 

In addition to releases from the deliberate manufacture of PFOA 
through either the ECF or telomerization processes, and from the use of 
PFOA and its salts in the manufacture and processing of fluoropolymers 
and fluoroelastomers, PFOA may have entered the environment through 
other sources. 3M has indicated that PFOA may have been present as a 
trace contaminant in some of the fluorochemical products which it 
discontinued manufacturing between 2000 and 2002 (Ref. 7). Because 
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these products are no longer being manufactured, they will likely not 
be a significant potential future source of PFOA. 

EPA has also received data which indicate that the 8-2 telomer 
alcohol (1-Decanol, 3 , 3,4,4,5,5,6,6,7,7,8,8,9,9,l0,10,lO­
heptadecafluoro- (CAS No . 678-39-7)) although not itself made with 
PFOA, can be metabolized by living organisms or biodegrade under 
environmental conditions to produce PFOA (Refs. 8 and 9). Other telomer 
chemicals have not been tested to determine whether they may also 
metabolize or degrade to form PFOA. Telomers are used widely in a range 
of commercial products, including some that are directly released into 
the environment, such as fire fighting foams, as well as soil, stain, 
and grease resistant coatings on carpets, textiles, paper, and leather. 
The extent to which these telomer-containing products might degrade to 
release PFOA is unknown. However, anecdotal evidence of the atmospheric 
presence of telomer alcohols in a multi-city North American survey 
suggests that telomers may be one source of environmental PFOA (Ref . 
10). Additional fate information is necessary to determine whether and 
the extent to which telomer product degradation may be a source of 
PFOA. 

EPA is not currently aware of any other potential sources of PFOA 
in the environment. EPA specifically requests comment on this issue, 
and the submission of any data identifying or characterizing PFOA 
sources. EPA is especially interested in the thermal stability and 
oxidative degradation products of materials containing PFOA or telomer 
chemicals which are incinerated. 

B . Hazard and Exposure 

EPA has conducted a detailed review of all available hazard and 
exposure information on PFOA . This review is availabl e in the Agency's 
Revised Draft Hazard Assessment on PFOA and Its Salts (Ref . 11). This 
draft hazard assesi:;ment has not been formally peer reviewed, but has 
been reviewed internally by the EPA Off ice of Research and Development 
(ORD) . 

PFOA is persistent in the environment. It does not hydrolyze, 
photolyze, or biodegrade under environmental conditions. Based on 
recent human biomonitoring data provided by industry, which found PFOA 
in the blood of workers and the general population in all geographic 
regions of the United States, exposure to PFOA is potentially 
nationwide, although the routes of exposure for the general population 
are unknown. 

Several epidemiological studies on the effects of PFOA in humans 
have been conducted on workers. An association with PFOA exposure and 
prostate cancer was reported in one study; however, this result was not 
observed in an update to the study in which the exposure categories 
were modified. A non-statistically significant increase in the levels 
of the hormone estradiol in workers with high serum PFOA levels (>30 
parts per million (ppm)) was also reported, but none of the other 
hormone levels analyzed indicated any adverse effects. 

APFO is the most widely used salt of PFOA, and most animal toxicity 
studies have been conducted with APFO. An extensive array of animal 
toxicity studies have been conducted in rodents and monkeys. These 
studies have shown that APFO exposure can result in a variety of toxic 
effects in animals including liver toxicity, developmental toxicity, 
and immunotoxicity. In addition, rodent bioassays have shown that 
chronic APFO exposure is associated with a variety of tumor types. The 
mechanisms of APFO tumorigenesis are not clearly understood . At this 
time, EPA is evaluating the scientific evidence and has not reached any 
conclusions on the potential significance to humans of the rodent 
cancer data. 
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There are marked gender differences in the elimination of PFOA in 
rats. In addition, there are substantial differences in the half-life 
of PFOA in rats, monkeys, and humans. The gender and species 
differences are not completely understood and therefore the extent of 
potential risks to humans is uncertain. 

C. Preliminary Risk Assessment 

Because TSCA section 4{f) is focused narrowly on the specific 
toxicity endpoints of cancer, birth defects, and gene mutation, the 
preliminary risk assessment prepared as part of this priority review 
focused on the potential risks for developmental toxicity in humans. 
EPA did not include cancer risk in this preliminary assessment due to 
questions concerning the potential significance to humans of the rodent 
cancer data. Because data indicate that PFOA is not mutagenic, concern 
for gene mutation was not an issue for this preliminary assessment. 

The preliminary risk assessment used a margin of exposure (MOE) 
approach (Ref. 1). For many risk assessments, the MOE is calculated as 
the ratio of the administered dose from the animal toxicology study to 
the estimated human exposure level. The human exposure is estimated 
from a variety of potential exposure scenarios, each of which requires 
a variety of assumptions. 

A more accurate estimate of the MOE can be derived if measures of 
internal dose are available for humans and the animal model. In this 
preliminary risk assessment, serum levels of PFOA, which are a measure 
of internal dose, were available for some administered dose levels in 
the rat 2-generation reproductive toxicology study and from human 
biomonitoring studies. Thus, internal dose was used for the 
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calculation of MOEs in this assessment. The actual values of the MOEs 
derived must be viewed with caution, however, due to the differences in 
kinetics between humans and rodents. The range of MOEs in the 
preliminary assessment encompasses some values that would indicate 
potential concern and other values that would indicate a low level of 
concern. Due to the uncertainties in the assessment, and the 
possibility that the additional information discussed in this notice 
might reduce those uncertainties, the Agency has not attempted further 
interpretation of these MOEs at this time. The interpretation of the 
significance of the MOEs for ascertaining potential levels of concern 
will necessitate a better understanding of the appropriate dose metric 
in rats, and the relationship of the dose metric to the human serum 
levels. 

As this priority review of PFOA progresses, EPA will continue to 
develop the characterization of hazard and potential risk associated 
with exposure to PFOA. Because the scientific interpretation issues in 
this case are particularly complex, given the unusual properties and 
behavior of PFOA and the absence of data on exposure pathways and 
levels, EPA anticipates that a more comprehensive risk analysis will be 
taken to the Agency's Science Advisory Board for review and comment in 
fall 2003. The preliminary risk assessment described in this notice has 
not been formally peer reviewed, but has gone through internal review 
by multiple EPA offices, including ORD, the Office of Science 
Coordination and Policy (OSCP), the Office of Pesticide Programs (OPP), 
and the Office of Policy, Economics, and Innovation (OPEI). The 
preliminary risk assessment has also been the subject of an external 
letter peer review. 

D. Uncertainties and Data Needs 
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Although EPA has concerns with respect to the potential nationwide 
presence of PFOA in blood and with the potential for developmental and 
other effects suggested by animal studies, there are significant 
uncertainties in the Agency's quantitative assessment of the risks of 
PFOA. In addition, the uncertainties discussed in this unit with 
respect to the identification of the pathway or pathways that result in 
human exposure to PFOA (air, water, food, etc.), and the uncertainties 
associated with how PFOA gets into those pathways (including the 
products or processes that are responsible for the presence of PFOA in 
the environment) make it difficult to determine what, if any, 
particular risk mitigation measures would be appropriate. The Agency 
believes that the additional information identified in this notice 
would better inform this priority review and Agency decisionrnaking with 
respect to PFOA. 

The sources of PFOA in the environment, as described in Unit II.A., 
are not fully defined or understood. Historically, direct PFOA releases 
during the manufacture of PFOA and its use in the manufacture and 
processing of fluoropolyrners and fluoroelastomers have been quantified 
at some sites. Industry has identified and implemented voluntary 
control technologies to reduce releases, as well as to improve PFOA 
recovery for recycling or destruction, as described in Uni~ II.E. The 
effectiveness of these programs could be assessed, possibly through the 
ECA process described in Unit V., by monitoring PFOA levels at the 
respective facilities and determining if the release reduction and 
waste management programs are reducing the PFOA levels in the media 
surrounding the affected facilities. PFOA exposures and releases to the 
environment may also come from the distribution of PFOA in aqueous 
dispersions of fluoropolyrners used by processors to apply coatings to 
metals and textiles, a topic which industry is also attempting to 
resolve. 

In addition, the question of the potential contribution to PFOA 
levels from telomer manufacture and from telomer product degradation 
remains. The universe of specific telomer chemicals that may ultimately 
degrade or metabolize to PFOA has not been fully defined. Preliminary 
data suggest that only higher perfluorinated homologues (chemicals with 
carbon chain lengths of eight and higher) would be converted into PFOA 
via normal environmental pathways. The 8-2 telomer alcohol has been 
shown to biodegrade and metabolize to form PFOA, but other telomer 
chemicals, including telomer iodides and telomer-derived polymers, have 
not yet been tested. Determining possible telomer product sources of 
PFOA may be particularly difficult because these f l uorochemicals are 
typically used in products in very low concentrations, indicating that 
any individual source contribution by specific products could be very 
small, widely distributed, and difficult to detect . For example, 
products contaminated with volatile, unreacted telomer alcohol 
residuals could potentially release those residuals into the 
environment where they could be subject to biodegradation. 

The exposure routes leading to the presence of PFOA in human blood 
are not known. The nationwide presence of PFOA in human blood, 
contrasted with the limited geographic locations of fluorochemical 
plants making or using the chemical, suggests that there must be 
additional sources of PFOA in the environment, and exposures beyond 
those attributable to direct releases from industrial facilities . But 
whether these exposures are due to PFOA in the air, the water, on dusts 
or sediments, in dietary sources, or through some combination of routes 
is currently unknown. Data evaluating the environmental presence of 
PFOA in water are very limited and site-specific. Data on the presence 
of PFOA in air or soil are not currently available . Data on the 
presence of PFOA in wildlife suggest that animals are not as likely as 
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humans to have PFOA in their blood, and that PFOA is not found as 
widely in animals as PFOS. Whether these differences may be due to 
different exposure pathways or to differences in how the chemicals are 
processed or retained by animals and humans is unknown. The technical 
difficulties of detecting and accurately measuring the chemical in all 
these various media, particularly in the low concentrations that EPA 
would anticipate, are considerable. 

The preliminary risk assessment on potential developmental toxicity 
was based on a comparison of serum levels in the 2-generation rat 
reproductive study with those found in the human population . However, 
there are considerable species differences in the kinetics of PFOA. 
Interpretation of the significance of the MOEs for ascertaining 
potential levels of concern will necessitate a better understanding of 
the appropriate dose metric in rats, and the relationship of the dose 
metric to the human serum levels. 

Finally, there are some uncertainties regarding the use of the 
human biomonitoring data. Although the available data include a range 
of populations with various demographics in many States and all 
geographic areas of the country, there may be some populations that are 
not represented . Because it is unknown how the human exposures are 
occurring, proximity to a manufacturing facility may or may not be a 
factor in exposure. However, populations living near these facilities 
were not sampled. Therefore, it is possible that PFOA serum levels may 
be underestimated for certain portions of the U.S. population. The 
children's sample was derived from blood collected in 1994/1995; 
therefore, it may not reflect the current status of PFOA in children's 
blood. 

Voluntary activities by industry are underway as described in Unit 
II.E. to help address some of these uncertainties 
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and data gaps. For example, pharmacokinetics studies examining the 
biological processing of PFOA in rats are expected to be completed in 
the summer and fall of 2003. These studies may help to reduce the 
uncertainty in the estimation of risk to humans. In addition, EPA has 
submitted a nomination to the Centers for Disease Control and 
Prevention (CDC) to include PFOS, PFOA, and certain related 
fluorochemicals in the next National Health and Nutrition Examination 
Survey (NHANES) . This would provide a national baseline of PFOA 
exposure, both to indicate whether current data are representative of 
the U.S. population and to offer a gauge with which to measure the 
effectiveness of actions to reduce exposures. 

EPA will continue to develop and clarify issues relating to hazard, 
exposure, and risk as the priority review continues and the Agency 
receives additional information that allows further resolution of the 
uncertainties identified in this unit. 

Additional data beyond EPA's current activities and the voluntary 
efforts undertaken by the industry may be necessary to resolve the 
existing uncertainties and fill remaining data gaps, including gaps not 
yet identified. EPA requests comment on these issues, and particularly 
requests that comments include the submission of any additional data 
that may help to fill these gaps. Certain specific information requests 
are identified in Unit IV . 

E. Ongoing Voluntary Activities 

In 2000, EPA opened a non-regulatory public docket file, 
Administrative Record AR-226, for information on PFOS, PFOA, telomers, 
and related fluorinated chemicals, and began to express its concerns to 
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the global fluorochemical industry (Ref. 3). In response, the industry 
began providing information to the Agency, all of which has been placed ,_ ~ 

into AR-226. Two industry groups, the Fluoropolymer Manufacturing Group ~1'16-· 
( FMG) and the Telomer Research Program -( TRP) , formed and began pursuing If.?.. p '\ 
voluntary collective actions to address issues associated with PFOA and 
the telomers. 3M continued its ongoing research efforts despite having 
discontinued the manufacture of both PFOS and PFOA. Much of the 
information reflected in the EPA's revised draft hazard assessment and 
preliminary risk assessment on PFOA was provided through these 
voluntary activities on the part of industry. 

In March 2003, EPA received letters from 3M, FMG, and TRP 
documenting their ongoing voluntary programs and outlining their plans 
for continuing research and product stewardship activities (Refs. 7, 
12, and 13). These letters have been placed in the public docket for 
this notice and can be accessed as described in Unit I.B.2. The letters 
contain substantial additional information concerning the specifics of 
the voluntary industry actions beyond what is presented in this notice . 

· In its letter, 3M indicated that it would not resume the 
manufacture of PFOA for commercial sale; that it would continue its 
medical monitoring efforts for workers and provide biannual reports to 
EPA and update its epidemiological study reports to EPA every 5 years; 
and that it will continue monitoring groundwater, surface water, and 
other environmental media and provide a summary report to EPA within 2 
years. 3M also stated that it would work with other members of industry 
to conduct additional validation of PFOA analytical methods and 
sampling protocols and to participate in human health and environmental 
fate and effects studies of PFOA. 3M also indicated that the facilities 
and employees of its subsidiary, Dyneon LLC, would continue to be part 
of the 3M monitoring program. 

The members of the FMG--Asahi Glass Fluoropolymers USA, Inc.; 
Daikin America, Inc.; E.I. duPont de Nemours & Company; and Dyneon 
LLC--indicated that they and their parent companies represent most of 
the known use of APFO for the production of fluoropolymers both in the 
United States and worldwide. Their letter includes commitments to 
reduce emissions of APFO from fluoropolymer and APFO manufacturing 
facilities on a global, individual company-wide basis by a minimum of 
50% by 2006; to conduct studies on both finished polymers and finished 
products from these polymers to determine if any exposure to the 
general population can be related to the fluoropolymer industry; to 
conduct studies on emissions from fluoropolymer processing facilities 
to determine the level of current emissions; and to develop additional 
toxicological data on APFO. The companies noted that they are 
participating in activities through the Association of Plastics 
Manufacturers in Europe (APME) to conduct pharmacokinetics studies in 
rats and develop a pharmacokinetic model, and would share those data 

t-i­
I 

with EPA as they are developed, beginning in spring 2003. The companies 
indicated that they would continue to follow principles of product 
stewardship similar to those described in the Responsible Care[reg] 
programs of the American Chemistry Council and the Synthetic Organic 
Chemical Manufacturers Association in their efforts to support 
toxicological research, control occupational exposures in their own 
facilities, monitor employee health, assist customers in protecting 
their employees, and meet the general commitment to reduce emissions to 
the environment. The companies stated that they will continue to use 
appropriate criteria, including such standards as the interim air and 
water screening levels and water quality guidelines recently adopted in 
West Virginia, to evaluate operations and emissions (Refs. 14 and 15) . 
The letter includes a schedule for the completion of various studies 
already underway . 

The members of the TRP--AGA Chemicals (Asahi Glass); Clariant GmbH; 
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Daikin America, Inc.; and E.I. duPont de Nemours & Company--indicated 
that they comprise the major telomer producers, and that they are 
evaluating telomer products sold in the United States to determine 
whether they contribute to significant human or environmental exposure 
to PFOA. They noted that their evaluation has six key components: 
Analysis of products and articles; analysis of ''aged'' products and 
''in use'' articles; characterization of potential release of PFOA from 
telomer-based product manufacture; characterization of potential 
release of PFOA from telomer-treated article manufacture; analysis of 
possible biodegradation of telomer-based polymeric products; and 
evaluation of the ultimate fate and disposal routes for telomer-treated 
articles in the United States. The letter includes lists and schedules 
for these various evaluation components, as well as for the submission 
of additional information to the Agency. 

EPA appreciates the industry response to the Agency's concerns 
regarding PFOA and the telomers, and looks forward to continued 
cooperation on assessment and management activities. EPA invites the 
participation of additional interested persons in these efforts. EPA 
considers that the timely submission of the information which industry 
has already committed to provide will be essential to developing a 
better and more complete understanding of the potential risks of PFOA. 
However, in light of the concerns identified to date, the Agency will 
continue its ongoing expeditious review. 

While the voluntary industry activities as described in the letters 
will provide substantial additional information, EPA considers it 
likely that 
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issues will remain even after these activities are complete, and that 
the results of some of these programs may well identify additional 
questions that will need to be answered. EPA requests comment on these 
issues. 

IV. Specific Requests for Comments, Data, and Information 

EPA specifically requests comments, data, and information on the 
following topics. 

A. Use and Production Volume Information 

What are the specific chemical identities (by Ninth Collective 
Index name and CAS No., if available) of the telomer chemicals, 
including polymers derived from these telomers, and of the 
fluoropolymers and fluoroelastomers made with PFOA or related 
chemicals, currently in commerce? In what volumes and at what locations 
are these chemicals manufactured or imported? How and in what volumes 
are these chemicals used? What are the benefits of these chemicals and 
products in their specific uses, and what alternatives to these 
chemicals may be available for specific uses? 

B. Exposure Information 

How are products containing the chemicals identified in Unit IV.A. 
used? How are these products disposed of? What environmental releases 
occur at manufacturing and processing facilities where these chemicals 
are used? What data are available on worker exposures to these 
chemicals? What data are available on exposures to the general 
population? What data are available on measured levels of these 
chemicals in humans and the environment, in all environmental media? 
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What data are available on the biodegradation of these chemicals, on 
releases of these chemicals from consumer and industrial products, and 
on their breakdown during product biodegradation, incineration, and 
other disposal practices? 

C. Monitoring and Related Information 

EPA specifically requests that any persons who have in their 
possession existing human or environmental monitoring data indicating 
or assessing the presence of PFOA and related f luorochemicals in 
humans, in wildlife, or in any environmental media, including studies 
conducted in other countries, prov ide those data to the Agency in 
response to the publication of this notice to enhance the understanding 
of PFOA presence in the environment and of the pathways leading to 
exposures. EPA includes in this request any existing data not otherwise 
provided to EPA concerning the toxicity, pharmacokinetics, and half­
life of PFOA in organisms. 

D. Additional Data 

Are there other pieces of information not addressed in Unit IV. A., 
B., and C . , that would help EPA more accurately assess the risks of 
these chemicals and determine appropriate further action, if warranted? 

V. Enforceable Consent Agreement Development 

EPA is interested in developing one or more ECAs under TSCA section 
4 and 40 CFR part 790 for PFOA and telomers that focus on identifying 
env ironmental fate and transport information, as well as other relevant 
information to enhance understanding of the sources of PFOA in the 
env ironment and the pathways by which human exposure to PFOA is 
occurring. The objective of the ECA process is to conclude one or more 
ECAs that will set in place an industry-sponsored testing program that 
will address a number of EPA's current data needs for PFOA and 
telomers. EPA expects that industry will meet the voluntary testing 
commitments made in their letters of intent, as discussed in Unit 
III.E. Therefore, EPA anticipates that the ECA process will focus 
generally on testing issues beyond or supplemental to those contained 
in the industry letters of intent. 

A. Solicitation of Interested Parties 

EPA is soliciting interested parties to monitor or participate in 
negotiations on ECAs for PFOA and telomers. As discussed in Unit 
III.E., 3M; AGA Chemicals; Asahi Glass Fluoropolyrners USA, Inc.; 
Clariant GrnbH; Daikin America, Inc.; Dyneon LLC; and E.I. duPont de 
Nemours & Company, have been pursuing voluntary collective actions to 
address issues associated with PFOA and telomers and have been keeping 
EPA informed of these activities. Any person who desires treatment as 
an ' 'interested party'' during the development of the ECAs must respond 
i n writing to this notice on or before May 16, 2003 following the 
instructions in Unit I., and must specifically request that they be 
given '' interested party'' status . These interested parties will not 
incur any obligations by being so designated. Negotiations will be 
conducted in one or more meetings, all of which will be open to the 
public. EPA wi l l contact all interested parties who have expressed a 
desire to participate in or monitor the ECA negotiations and advise 
them of all meeting dates . EPA will also notify the public of such 
meeting dates in the electronic public docket for this action. The 
negotiation time schedule for PFOA and telomers will be established at 
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the first negotiation meeting. It is EPA's current intent to move 
quickly to attempt to finalize any ECAs, if possible. If an ECA is not 
established in principle within a reasonable time-frame, negotiations 
will be terminated, and any unmet data needs may be pursued via a test 
rule promulgated under TSCA section 4. If the data generated from the 
ECA do not meet the Agency's needs, EPA reserves the right to proceed 
with rulemaking to obtain the needed data. EPA also reserves the right 
to announce and convene subsequent ECA negotiations for additional 
data, if the testing from voluntary activities, the initial ECA, or 
from a test rule identify additional data gaps which must be filled. 

B. ECA Process and Public Participation in Negotiations 

EPA will provide the public with an opportunity to comment on and 
participate in the development of any ECAs on PFOA and telomers to 
ensure that the views of interested parties are taken into account 
during the ECA process. This process is described generally in this 
unit, and is more fully addressed in 40 CFR part 790. 

Individuals and groups who respond to this notice by May 16, 2003 
and request treatment as interested parties will have the status of 
interested parties. All negotiating meetings for the development of 
this ECA will be open to the public and minutes of each meeting will be 
prepared by EPA and placed in the official public docket for this 
action. The Agency will advise interested parties and the public of 
meeting dates and make available meeting minutes, testing proposals, 
background documents, and other relevant materials exchanged at or 
prepared for negotiating meetings. Where tentative agreement is r .eached 
on an acceptable testing program, a draft ECA will be made available 
for comment by interested parties and, if necessary, EPA will hold a 
public meeting to discuss any comments that have been received and 
determine whether revisions to the ECA are appropriate. EPA will not 
reimburse costs incurred by non-EPA participants in this ECA 
negotiation process. 

Enforceable consent agreements will only be concluded where an 
agreement can be obtained, which is satisfactory to the Agency, 
manufacturers or processors who are potential test sponsors, and other 
interested parties, concerning the need for and scope of testing. In 
the 
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absence of an ECA, EPA reserves the right to proceed with rulemaking. 
More specifically, EPA will not enter into an ECA if either the 

Agency and affected manufacturers or processors cannot reach an 
agreement on the provisions of the ECA, or the draft ECA is considered 
inadequate by other interested parties who have submitted timely 
objections to the draft ECA. However, EPA may reject these objections 
if the Agency concludes that: 

1. They are not made in good faith; 
2. They are untimely; 
3. They are not related to the adequacy of the proposed testing 

program or other features of the ECA that may affect EPA's ability to 
fulfill the goals and purposes of TSCA; or 

4. They are not accompanied by a specific explanation of the 
grounds on which the draft ECA is considered objectionable. 

EPA will prepare an explanation of the basis for each ECA. That 
document will summarize the agreement (including the needed data 
development), explain the objectives of the data collection/development 
activity, and outline the chemicals' use and exposure characteristics. 
That document, which will also announce the availability of the final 
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ECA, will be published in the Federal Register. Upon the successful 
completion of an ECA, export notification under TSCA section 12(b) 
would be required for all signatories to the ECA who export or intend 
to export the chemicals subject to the ECA. A separate action would be 
published in the Federal Register following the announcement of the ECA 
to apply the export notification requirement to others by adding the 
ECA chemicals to the list of chemicals subject to testing consent 
orders at 40 CFR 799.5000. 
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Executive Summary 

As part of the effort by the. Office of Pollution Prevention and Toxics (OPPT) to 
understand health and environmental issues presented by fluorochemicals in the 
wake of unexpected toxicological and bioaccumulation discoveries with respect to 
perfluorooctane sulfonates (PFOS), OPPT has been investigating perfluorooctanoic 
acid (PFOA) and its salts. PFOA and its salts are fully fluori'nated organic 
compounds that can be produced synthetically or through the degradation or 
metabolism of other fluorochemical products. PFOA is primarily used as a reactive 
intermediate, while its salts are used as processing aids in the production of 
fluoropolymers and fluoroelastomers and in other surfactant uses. PFOA and its 
salts are persistent in the environment. 

Human Health Effects and Biomonitoring 

Little information is available concerning the pharmacokinet:cs of PFOA and its 
salts in humans. An ongoing 5-year, half-life study in 7 male and 2 female retired 
workers has suggested a mean serum PFOA half-life of 4.37 years (range, 1.50 -
13.49 years). Animal studies have shown that the ammonium salt of PFOA (APFO) 
is well absorbed following oral and inhalation exposure, and to a lesser extent 
following dermal exposure. PFOA distributes primarily to the liver and plasma. It 
does not partition to the lipid fraction or adipose tissue. PFOA is not metabolized 
and there is evidence of enterohepatic circulation of the compound. The urine is the 
major route of excretion of PFOA in the female rat, while the urine and feces are 
both main routes of excretion in male rats. 

There are gender differences in the elimination of PFOA in rats. In female rats, 
estimates of the serum half life range from 1.9 to 24 hours, while in male rats 
estimates of the serum half life range from 4.4 to 9 days. In female rats elimination 
of PFOA appears to be biphasic; .a fast phase occurs with a half life of 
approximately 2- 4 hours while a slow phase occurs with a half life of approximately 
24 hours. The rapid excretion of PFOA by female rats is due to active renal tubular · 
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be hormonally controlled. Hormonal changes during pregnancy do not appear to 
change the rate of elimination in rats. This gender difference has not been 
observed in humans based on the limited data available in the half life study in 
retired workers. While the environmental concentrations and pathways of human 
exposure to PFOA and its salts are unknown, there are limited data on PFOA 
serum levels in workers and the general population. Occupational data from certain 
plants in the U,S. and Belgium that manufacture or use PFOA indicate that mean \.N._.,-i,l.(,,J"') 
serum levels in U.S. workers in 2000 range from 0.84 to 6.4 ppm. At another U.S. 0 u , A 
plant where the most recently reported data are from 1997, the highest level · n ff 1" ' 
reported in a worker was 81.3 ppm. In non-occupational populations, serum PFOA'---__ ) 1 

levels were much lower. In both pooled blood bank samples and in individual . )?l ~ 

~
samples, mean serum PFOA levels ranged from 3 to 17 ppb. The h. ighe .. st. serum\: · n ·~~ t 
PFOA levels of the general public were reported in a sample of children from ...J ~ 
different geograohic regions in the U.S. <mean , 5.6 pob: range, 1.9 - 56.1 ppb) 

Epidemiological studies on the effects of PFOA in humans have been conducted on 
workers. However, these studies have not examined developmental outcomes. The 
majority of production workers at facilities that produce or use PFOA are male. Two 
mortality studies, a morbidity study, and studies examining effects on the liver, 
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pancreas, endocrine system, and lipid metabolism, have been conducted to date. 
In addition, a longitudinal study of the worker surveillance data recently became 
available. 

A retrospective cohort mortality study demonstrated a statistically significant 
association between prostate cancer mortality and employment duration in the 
chemical facility of a plant that manufactures PFOA. However, in a recent update to 
this study in which more specific exposure measures were used, a significant 
association for prostate cancer was not observed. In an "episodes of care"study, 
workers with the highest PFOA exposures for the longest durations sought care 
more often for prostate cancer treatment than workers with lower exposures. 
However, this finding was not statistically significant and the 95% confidence 
interval was very wide. 

Another study reported an increase in estradiol levels in workers with the highest 
PFOA serum levels; however, none of the other hormone levels analyzed indicated 
any adverse effects. Some of the same employees who participated in the hormone 
study also were included in a study of cholecystokinin (CCK) levels in employees. 
No positive association was noted between CCK values and PFOA. The other 
available study examined cholesterol and other serum components in workers. 
There did not appear to be any significant differences among workers of different 
exposure levels. At plants where the serum PFOA levels were lower, cross­
sectional and longitudinal studies found positive significant associations between 
PFOA and cholesterol and triglyceride levels. In addition, a positive, significant 
association was reported between PFOA and T3 hormone and a negative 
association with HDL in the cross-sectional study. There are many limitations to the 
studies conducted to date, and therefore, all of these results must be interpreted 
carefully. 

Prenatal developmental toxicity studies in rats resulted in death and reduced body 
weight in dams exposed to oral doses of 100 mg/kg/day or by inhalation to 25 
mg/m3 of the ammonium salt of PFOA (APFO). There was no evidence of 
developmental toxicity after oral exposure to doses as high as 150 mg/kg/day, 
while inhalation exposure to 25 mg/m3 resulted in reduced fetal body weights. In a 
rabbit oral developmental toxicity study there was a significant increase in skeletal 
variations after exposure to 50 mg/kg/day APFO. There was no evidence of 
maternal toxicity at 50 mg/kg/day, the highest dose tested . 

In a two-generation reproductive toxicity study in rats exposed to 0, 1, 3, 10, and 30 
mg/kg/day APFO, significant increases in absolute and relative liver and kidney 
weights were observed in FO males at 1 mg/kg/day, while significant reductions in 
absoiute and reiative kidney weights were observed in FO femaies at 30 mg/kg/day. 
Reproductive indices were not affected in the FO animals. Serum levels of the 1 O 
and 30 mg/kg/day groups were measured for FO males after mating and FO 
females at weaning of the F1 pups. In FO males, the serum levels were (average 
+SD) 51.1+9.30 and 45.3+12.6 ug/I, respectively for the 10 and 30 mg/kg/day 
groups, and in FO females, the serum levels were 0.37+0.0805 and 1.02+0.425 
ug/I, respectively for the 10 and 30 mg/kg/day groups. In F1 animals, there was a 
significant reduction in mean body weight (sexes combined) during lactation in the 
30 mg/kg/day group. In F1 females, there was a significant increase in post 
weaning mortality, a significant decrease in mean body weight, and a significant 
delay in sexual maturation at 30 mg/kg/day. In F1 males, significant decreases in 
body weights and body weight gains, and significant changes in absolute liver and 
spleen weights and in the ratios of liver, kidney, and spleen weights-to-brain 
weights were observed in all treated groups. The increase in post weaning mortality 
e~d the de!~y !!1 sexue! !'!'!at t.! rat~c r: \•/ere ~ !sc ~oted i:i F~ ~a!ss at 30 rr:g/kg/d~y . 

Reproductive indices were not affected in the F1 animals. The LOAEL for the F1 
females was 30 mg/kg/day, and the NOAEL was 10 mg/kg/day; the LOAEL for F1 
males was 1 mg/kg/day and a NOAEL was not determined . It should be noted that 
these effect levels reflect effects seen throughout the study (i.e. developmental and 
adult exposures}, and should not be confused with the effect levels that are used in 
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the preliminary risk assessment for strictly developmental exposures and effects. 
The difference in sensitivity is presumed to be related to the gender difference in 
elimination of APFO. No treatment-related effects were observed in the F2 
generation. However, the F2 pups were sacrificed at weaning, and thus it was not 
possible to ascertain if the post-weaning effects that were noted in the F1 
generation occurred in the F2 animals. 

Preliminary Risk Assessment 

This preliminary risk assessment focused on the potential risks for developmental 
toxicity associated with exposure to PFOA and its salts. A margin of exposure 
(MOE) approach was used; the MOE is calculated as the ratio of the NOAEL, 
LOAEL, or BMDL for a specific endpoint to the estimated human exposure level. 
The MOE does not provide an estimate of population risk, but simply describes the 
relative "distance" between the exposure level and the NOAEL, LOAEL, or BMDL. 
For many risk assessments, the MOE is calculated as the ratio of the administered 
dose from the animal toxicology study to the estimated human exposure level. The 
human exposure is estimated from a variety of potential exposure scenarios, each 
of which requires a variety of assumptions. A more accurate estimate of the MOE 
can be derived if measures of internal dose are available for humans and the 
animal model. In this preliminary risk assessment, serum levels of PFOA, which are 
a measure of internal dose, were available for the rat two-generation reproductive 
toxicology study and from human biomonitoring studies. Thus, internal dose was 
used for the calculation of MOEs in this assessment. 

For this preliminary risk assessment, the endpoints from the two-generation 
reproductive toxicity study that were considered relevant for assessing 
developmental toxicity included the significant reduction in F1 mean body weight 
during lactation (sexes combined). In addition, for F1 females, postweaning 
mortality and delayed sexual maturation were noted at 30 mg/kg/day APFO; the 
NOAEL for developmental effects for F1 females was 10 mg/kg/day. Postweaning 
mortality, delayed sexual maturation and a significant reduction in postweaning 
body weights were noted in F1 males at 30 mg/kg/day, and a significant reduction 
in postweaning body weight was noted·at 10 mg/kg/day. For F1 males, the LOAEL 
for developmental effects was 10 mg/kg/day and the NOAEL was 3 mg/kg/day. 
Thus, the LOAEL for developmental effects from the study was 10 mg/kg/day and 
Jhe NOAEL was 3 mg/kg/day. 

/
. In the rat two-generation reproductive toxicity study, serum levels of PFOA were 

v only measured in the FO animals. In order to use these serum levels as surrogates 
for the serum levels in the F1 animals, several areas of uncertainty had to be 
considered. it is not known whether the effects on postweaning mortality, body 
weight, or age of sexual maturation were due to prenatal exposures, lactational 
exposures, postweaning exposures, or a combination of one or more of these 
exposure periods. In most risk assessments of developmental toxicity, no attempt is 
made to determine which of these exposure periods is important. A major strength 
of this preliminary assessment is that each of these exposure periods was 
considered in order to determine the appropriateness and uncertainties associated 
with the use of the serum levels from the FO animals. 

It was reasoned that if prenatal and/or lactational exposures were important then 
the serum levels in the FO females would be the most appropriate estimate for the 
F1 animals. If postweaning exposures were important then the serum levels for the 
FO males would be the most appropriate estimate for the F1 males, and similarly 
the serum levels in the FO females would be the most appropriate estimate for the 
~1 f.::..m:::.lcc It \AJ~c nn+ nnccihlo +n "'"'?Vo ~ "'°'i'"o"+" ~~+i--.. .... +- ,,....i C""! --·· ·~ •-· ·-•- ""-­• • · - • ·•-·--· · ~ - --~ ··-~ i""...., ...,..,,..t p,.• ; -.... -. ..... ,.,.,_., , ••• _ ........ -~ .. .._- ._.~ -.....-~ 'l. ::11...;..n. i,,, v · 1 1 1 ;::;c1 u 1 11 tC V t:; t~ tiVil i 

the serum levels in the FO females for several reasons. First, there is a gender 
difference in the elimination of PFOA in rats. In female rats, estimates of the serum 
half life range from 1.9 to 24 hours, while in male rats estimates of the serum half 
life range from 4.4 to 9 days. In female rats elimination of PFOAappears to be 
biphasic; a fast phase occurs with a half life of approximately 2- 4 hours while a 
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slow phase occurs with a half life of approximately 24 hours. In the two generation 
reproductive toxicity study, the animals were dosed by gavage once daily. The 
serum levels were measured 24 hours after dosing. Thus, the values obtained for 
the FO females represent the low end of exposure. With no knowledge of the peak 
exposures, it was reasoned that it was unlikely that the peak exposure would be 
higher than the serum level in the FO males in the same dose group since they 
would tend to accumulate PFOA with a daily dosing regime. Therefore, the strategy 
that was employed in this assessment was to use the MOEs that were calculated . 
from the serum levels in the FO males and females as a range or as a means to 
bracket the low and high ends of exposure. 

For calculation of the MOEs, the human populations that were considered included 
women of child bearing age and children. Estimates of general human population 
exposure were available from recent analyses of individual serum samples from a 
group of children (2-12 years) and adults (20-69 years). For the populations of 
interest, calculations using human adult serum levels and children serum levels in 
combination with rat serum values from the parental (FO) females and males 
produced a range of overlapping MOE values that extends from less than 100 to 
greater than 9000. There are a number of important uncertainties discussed in this 
document that provide a context for considering these MOEs as a range of 
potential values. 

It is important to note that MOEs that were calculated from the serum levels in the 
FO female and male rats provide a means to bracket the low and high ends of 
experimental animal exposures. This is an unusual situation in that MOE estimates, 
which typically represent point estimates, are described here as a range of potentiai 
values due to uncertainties in the rat serum data. This situation arises from the fact 
that the available data do not allow selection of a particular departure poi.nt for the 
MOE calculations. It is likely that MOEs calculated using the FO female rat serum 
level are lower than what would be anticipated in the human population, and it is 
likely that MOEs calculated using the FO male rat serum level are higher than what 
would be anticipated in the human population. As uncertainty around the rat serum 
values decreases the end brackets are likely to shift towards the middle of the 
current range. Therefore, MOE values presented in this document should not be 
interpreted as representing the range of possible MOEs in the US population. It is 
likely that when more extensive rat kinetic data are available, the resultant, refined 
estimated range of MOEs will constitute a narrower subset of the range presented 
here. Interpretation of the significance of the MOEs for ascertaining potential levels 
of concern will necessitate a better understanding of the appropriate dose metric in 
rats, and the relationship of the dose metric to the human serum levels. 

1.0 Scope of the Assessment 

As part of the effort by the Office of Pollution Prevention and Toxics (OPPT) to 
understand health and environmental issues presented by fluorochemicals in the 
wake of unexpected toxicological and bioaccumulation discoveries with respect to 
perfluorooctane sulfonates (PFOS), OPPT has been investigating perfluorooctanoic 
acid and its salts (PFOA). PFOA and its salts are fully fluorinated organic 
compounds that can be produced synthetically or through the degradation or 
metabolism of other fluorochemical products. PFOA is primarily used as a reactive 
intermediate, while its salts are used as processing aids in the production of 
fluoropolymers and fluoroelastomers and in other surfactant uses. 

OPPT released a preliminary Draft Hazard Assessment of Perf/uorooctanoic Acid 
and Its Salts, dated February 20, 2002, on March 28, 2002, and issued a minor 
ccrrection to that dc~t.:rncnt Ori i'.\pr~~ 15, 2002. ThEit dr5ft assessment indicated tt-iat 
PFOA and its salts are persistent in the environment and in humans with a half life J ~ ' 
of years. The assessment noted the potential systemic toxicity and carcinogenicity ( D S[[ 1'11 C/ 
associated with the ammonium salt of PFOA (APFO), which has been the focus of _,,I _l_ ~.; 
the animal toxicology studies, and observed that blood monitoring data suggested ~ 1 O/'" 
widespread exposure to the general population, albeit at low levels. The Agency 

'-------
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has since received considerable additional animal toxicology data on APFO that 
suggest a potential for developmental/reproductive toxicity and immunotoxicity, and 
additional human biomonitoring data that indicate low level exposures to the 
general population that cannot be explained at this time. 

On September 27, 2002, the Director of OPPT issued a memorandum announcing 
that OPPT would initiate a priority review to determine whether PFOA and its salts 
meets the criteria for action under section 4(f) of the Toxic Substances Control Act. 
As part of the priority review, the hazard assessment was revised and released on 
September 30, 2002. Another revision was then released November 4, 2002. In 
addition, OPPT conducted a preliminary risk assessment of PFOA and its salts. 
OPPT recognizes that there is a wide range of toxicological endpoints associated 
with exposure to APFO, but at this time only the endpoints that are included in 
section 4(f) were considered; these include cancer, mutations, and birth defects. 
OPPT did not include gene mutations in the preliminary risk assessment since 
APFO is not known to be mutagenic. In addition, APFO is a peroxisome 
proliferation activating receptor- -agonist and through this mode of action could lead 
to the formation of liver tumors in rodents. The relevance of this mode of action for 
humans is currently under scientific debate, and the Agency is engaged in activities 
to resolve this issue. Therefore, at this time, OPPT has narrowly restricted the 
analysis to examine~ the potential risks of d~xicity. 

tJA.f. c. o v.J 

,AtJ/l<jsi 5 

The relevant information pertaining to chemical properties, pharmacokinetics and 
metabolism, epidemiology, prenatal developmental toxicity, reproductive toxicity, 
and human exposure have been included in this preliminary risk assessment. Other 
information pertaining to systemic toxicity, carcinogenicity, ecotoxicity, production 
and uses, fate and transport, and environmental monitoring can be found in the 
Draft Hazard Assessment of Perfluorooctanoic Acid and Its Salts, dated November 
4, 2002. 

2.0 Chemical Identity 

Chemical Name: Perfluorooctanoic Acid 
Molecular formula: C8 H F15 02 

Structural formula: F-CF2-CF2-CF2-CF2-CF2-CF2-CF2-C(=O)'-X, 

The free acid and some common derivatives have the following CAS numbers: 
The perfluorooctanoate anion does not have a specific CAS number. 

fV = r"lllA+ · l\A = 1-1\ 
'..'' -··· · ~··· .. , [335-67-1} 

Ammonium Salt (X =OM+; M = NH4) [3825-26-1] 

Sodium Salt (X = OM+; M = Na) [335-95-5] 

Potassium Salt (X = OM+; M = K) [2395-00-8] 

Silver Salt (X =OM+; M =Ag) [335-93-3] 

Acid Fluoride (X = F) [335-66-0] 

Methyl Ester (X = CH3) [376-27-2] 

Ethyl Ester (X = CH2-CH3) [3108-24-5] 

Synonyms: 1-0ctanoic acid, 2,2,3,3,4,4,5,5,6,6, 7, 7 ,8,8,8-pentadecafluoro-PFOA 

2.1 Physicochemicai Properties 

PFOA is a completely fluorinated organic acid. The typical structure has a linear 
chain of eight carbon atoms. The physical chemical properties noted below are for 
the free acid, unless otherwise stated. The data for the free acid, 
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pentadecafluorooctanoic acid (335-67-1], is the most complete. The reported vapor 
pressure of 10 mm Hg appears high for a low melting solid when compared to other 
low melting solids (chloroacetic acid: solid; MP= 61 to 63 °C; BP= 189 °C; VP= 
0.1 kPa (0. 75 mm Hg) @ 20 °C; NIOSH), but is consistent with other perfluorinated 
compounds with similar boiling points (perfluorobutanoic acid BP= 120 °C, VP 10 
mm Hg@ 20 °C; Beilstein, 1975). Another explanation may be that the 10 mm 
vapor pressure was measured at an elevated temperature (but the temperature 
inadvertently omitted), as perfluorooctanoic acid is typically handled as a liquid at 
65 °C (3M data sheet for FC-26). The free acid is expected to completely dissociate 
in water, leaving the anionic carboxylate in the water and the perfluoroalkyl chain 
on the surface. In aqueous solutions, individual molecules of PFOA anion loosely 
associate on the water surface and partition between the air I water interface. 
Several reports note that PFOA salts self-associate at the surface, but with 
agitation they disperse and micelles form at higher concentrations. (Simister et al., 
1992; Calfours, 1985; Edwards, 1997). Water solubility has been reported for 
PFOA, but it is unclear whether these values are for a microdispersion of micelles, 
rather than true solubility. Due to these same surface-active properties of PFOA, 
and the test protocol for the OECD shake flask method, PFOA is anticipated to 
form multiple layers in octanol/water, much like those observed for PFOS. 
Therefore, an n-octanol/water partition coefficient cannot be determined. 

The available physicochemical properties for the PFOA free acid are: 

Molecular weight: 414 (Beilstein, 1975) 
Melting point: 45 - 50 °c (Beilstein, 1975) 
Boiling point: 189 - 192 °C / 736 mm Hg (Beilstein, 1975) 
Vapor pressure: 10 mm Hg@ 25 °C (approx.) (Exfluor MSDS) 

/" fo f1 fLAje.J._ ,1 i::( 

L/1 !./ 

Water solubility: 3.4 g/L (telomeric [MP = 34 °C ref. 0.01 - 0.02 mol/L -4 - 8 g/L) 
(MSDS from Merck, Fischer, and Chinameilan Internet sites) 
pKa: 2.5 (USEPA AR246- 0473) 
pH (1g/L): 2.6 (MSDS Merck) 

The PFOA derivative of greatest concern and most wide spread use is the 
ammonium salt (APFO; CAS No. 3825-26-1 ). The water solubility of APFO has 
been inconsistently reported. One 3M study reported the water solubility of APFO 
to be > 10%. It was noted in an earlier study that at concentrations of 20 g/L, the 
solution "gelled" (3M, 1979). These numbers seem surprising low for a salt in light 
of Apollo Scientific selling a 31% aqueous solution of APFO. One author reported 
the APFO partition coefficient log Pow = 5. Another author reported an estimated 
APFO log Pow= -0.9. This value might not be accurate due to the estimation 
method used (Hansch and Leo 1979). Again, the anticipated formation of an 
emulsified layer between the octanol and water surface interface would make 
determination of log Kow impossible. 

Determination of the vapor pressure of APFO is compljca~. A vapor pressure of 7 1-i 1 v !/'..,. '5
' ' ,.._ 

x 10-5 mm Hg at 20 °C has been reported for APFO; however, this appears to be . ' 
too low for a material that sublimates as the ammonium salt (3M 'Environmental c~-~/ t. ;:...c<-;/ 
Laboratory, 1993). The ammonium salt begins to sublimate at 130 °C. As the 
temperature increases from when APFO begins to sublimate, 20% of the sample 
weight is lost by 169 °C. Other salts (Cs, K, Ag, Pb, Li) do not demonstrate similar 
weight loss until 237 °C or higher. (Lines, 1984). Decompesition of different salts 
produces perfluorotieptene (loss of metal fluoride and carbon dioxide). This occurs 
at 320 °C for the sodium salt and at 250-290 °C for the silver salt (Beilstein 1975). 

The physicochemical properties of PFOA and its common derivatives are 
surT1iT'1arized in Tabh:; i . 

Table 1. Reported Physicochemical Properties 

II II II 
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I Compound llCAS#REGl~~1 · VP I~~ H20 P* 

IR-C(=O)CI 11335-64-8 11 II II II II I 
IR-C02H 11335-67-1 1155 °C 11189 °C 1110 mm Hg 113.4 g/L II I 

1R-C02-
NH4+ 113825-26-111130 oc (sub) 

811x10E-5 mm 20 g/L 
Hg gels D 

1R-C(=O) 
OMe 11376-27-2 ICJ81 ILJD 

lpH (1 g free acid /L Water)= 1.5 -2.5 ll6~~e acid pKa is approximately 

Sodium or Silver salts of PFOA decompose above 250 °C to generate 
perfluoroolefins. 

*Surfactants traditionally emulsify octanol and water 

3.0 Hazard Characterization 

3.1 Metabolism and Pharmacokinetics in Humans 

3.1.1 Half-life Studies in Humans 

There are very limited data on the half-life of PFOA. With the exception of a 1980 
study in which total organic fluorine in blood serum was measured in one worker, 
no other data were available until June 2000 (Ubelet al., 1980). A half-life study on 
27 retirees from the Decatur and Cottage Grove 3M plants was undertaken, in 
which serum samples were drawn every 6 months over a 5-year period. Two 
interim reports describing the results thus far have been submitted (Burris et al., 
2000; Burris et al., 2002). The first interim report suggested a median serum half­
life of PFOA of 344 days, with a range of 109 to 1308 days. The two highest half­
life calculations were for the 2 female retirees who participated in this study (654 
and 1308 days). 

There were several limitations to this first analysis including: 1) the limited data 
available and the range of serum PFOA levels measured; 2) serum was analyzed 
after each collection period with only one measurement per time period on different 
days using slightly different analytical techniques; and 3) the referenc~ material 
purity was not determined until after the first 3 samples had been analyzed. 

An effort was made to minimize experimental error, including systematic and 
random error in the analytical method. Serum samples were collected from 9 of the · 
original 27 subjects over 4 time periods spanning 180 days, measured in triplicate 
~ith all time points from each subject analyzed in the same analytical run. This 
would allow for statistical evaluation of the precision of the measurement and 
assure that all systematic error inherent in the assay equally affected each sample 
used for half-life determination. Single serum measurements were made on 
samples of the remaining 18 retirees, but were not included because triplicate 
analyses of all time points were not conducted. 

Of the 9 retirees included in this analysis, there were 7 males and 2 females, all 
from the Decatur plant. The average age of the retirees was 61 years, the mean 
number of years worked at Decatur was 27. 7 years, and the average number of 
months ietired from the plant at study initiEitiv~ vr.:as 18.9. The cvarage body mess 
index (BMI) of this group was 27.9 (range 22.5-33, SD= 3.6). The mean PFOA 
value at study initiation was 0. 72 ppm (range 0.06 - 1.84 ppm, SD= 0.64). 

The mean serum half-life for PFOA was 4.37 years (range 1.50 - 13.49 years, SD 
= 3.53). Only 1 employee had a half-life value that exceeded 4.3 years. The 2 
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females had values of 3.1 and 3.9 years. Age, BMI, number of years worked or 
years since retirement were not significant predictors of serum half-lives in 
multivariable regression analyses. 

This analysis has attempted to reduce experimental error in the determination of a 
half-life for PFOA. However, two issues should be noted. First, the effect of 
continual non-occupational, low-level exposure on the half-life is unknown. Second, 
systematic error of the analytical method could be as high as +/- 20% and still 
satisfy the data quality criteria. 

3.2 Metabolism and Pharmacokinetic Studies in Animals 

The metabolism and pharmacokinetics of APFO have been fairly extensively 
studied in animals. Animal studies have shown that APFO is well absorbed 
following oral and inhalation exposure, and to a lesser extent following dermal 
exposure. The compound distributes primarily to the liver and plasma. It does not .. ,{} _ 
partition to the lipid fraction or adipose tissue. PFOA is not metabolized and there is'----J f ;:: c f4 
evidence of enterohepatic circulation of the compound. The urine is the major route If' ,vt( - ~ h.f ,.,i ,~ 
of excretion of PFOA in the female rat, while the urine and feces are both major ( , .-, ~ !-.]G.., 

routes of excretion in male rats. There are major gender d_lffer:_ences in the .... _~ 
elimination of PFOA in rats. In female rats, estimates of the serum half life range ---~ 
from 1.9 to 24 hours, while in male rats estimates of the serum half life range from G ......., f«-
4.4 to 9 days. In female rats elimination of PFOA appears to be biphasic; a fast ,J,~L 
phase occurs with a half life of approximately 2- 4 hours while a slow phase occurs 
with a half life of approximately 24 hours. The rapid excretion of PFOA by female 
rats is due to active renal tubular secretion (organic acid transport system); this 
renal tubular secretion is believed to be hormonally controlled. Hormonal changes 
during pregnancy do not appear to change the rate of elimination in rats. This 
gender difference has not been observed in primates and humans. The relevant 
studies are summarized below. 

3.2.1 Absorption Studies in Animals fl [, :r· ~'7~! c Yl'f l 

PFOA and its salts are well absorbed followin~ oral,,a~nhalati~n exposure, ~to 
a lesser extent following dermal exposure. The-serum levets-un5FOA were -
measured in a two-generation reproductive toxicity study in rats. These results are 
presented with the summary of that study in section 3.5. Other studies are 
summarized here. 

Gibson and Johnson (1979) administered a single oral dose of 11.0 mg/kg 14C­
PFOA to groups of 3 male CD rats. Twenty-four hr after administration, at least 
93% of the totai carbon-i4 was absorbed; the eiimination haif-iife of carbon-14 from 
the plasma was 4.8 days. 

Ophaug and Singer (1980) administered 2 ml of an aqueous solution of 2 mg PFOA 
to female Holtzman rats. Seven hundred forty-nine ug or 37% of the fluorine in the 
administered dose was recovered in the urine within 4.5 hr after administration of 
PFOA. The quantity of nonionic fluorine recovered in the urine increased to 61 %, 
76% and 89% at 8, 24 and 96 hr, respectively, after administration. Ionic fluoride 
and total fluorine was also measured. Four and half hours after the administration 
of PFOA, serum from treated rats had a nonionic fluorine level of 13.6 ppm, virtually 
all of which was bound to components in the serum and was not ultrafilterable. The 
nonionic fluorine level in the serum decreased to 11.2 ppm at 8 hr, 0.35 ppm at 24 
hr, and 0.08 ppm at 96 hr. Despite the large increase in nonionic fluorine in the 
serum, the ionic fluoride level was only 0.03 ppm and remained at that level 
th!"cughout the exper~me~t. Pr~cr tc ~dm:~~str~tk~~ cf PFO/l~, the :onic and nonionic 
fluorine levels in serum were 0.032 and 0.07 ppm, respectively. The authors 
concluded that PFOA is rapidly absorbed from the gastrointestinal tract and then 
rapidly cleared from the serum. · 

O'Malley and Ebbins (1981) conducted a range finding study that indicates 
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significant dermal absorption of PFOA in male and female New Zealand White 
rabbits. PFOA at concentrations of 100, 1,000 and 2,000 mg/kg in a saline slurry 
was applied to approximately 40% of the shaved trunk of the animals (2/sex/group). 
Animals were then fitted with a plastic collar, and the trunk was wrapped with 
impervious plastic sheeting. The exposure period was 24 hr/day 5 days/week for 14 
days. Mortality was 100% (4/4) in the 2,000 mg/kg group, 75% (3/4) in the 1,000 
mg/kg group and 0% (0/4) in the 100 mg/kg group. 

Kennedy (1985) treated rats and rabbits dermally with a total of 10 applications of 
APFO at doses of 0, 20, 200 or 2,000 mg/kg. Doses were applied on a split 
schedule of 5 days dosing, 2 days of rest, and 5 days of dosing. Treatment resulted 
in elevated blood organofluorine levels that increased in a dose-related manner. 

Kennedy et al. (1986) exposed male rats by head-only inhalation to doses of 0, 1, 8 
or 84 mg/m3 APFO for 6/hr/day 5day/wk for 2 weeks. Immediately after the tenth 
exposure, mean organofluoride concentrations in the blood were 13, 47 and 108 
ppm, respectively in the 1, 8 and 84 mg/m3 dose groups. 

3.2.2 Distribution Studies in Animals 

PFOA distributes primarily to the liver, plasma, and kidney, and to a lesser extent, 
other tissues of the body. It does not partition to the lipid fraction or adipose tissue, 
but does bind to macromolecules in the tissues. There is evidence of enterohepatic 
circulation of the compound. 

Griffith and Long (1980) determined the serum and ljver concentrations of PFOA in 
rhesus monkeys (2 per sex/group) in a 90 day oral toxicity study. In monkeys that 
received a dose of 3 mg/kg/day, mean serum PFOA levels were 50 ppm in males 
and 58 ppm in females. At the same dose, males had 3 ppm and females had 7 
ppm in liver samples. At a dose of 10 mg/kg/day, male monkeys had mean serum 
PFOA levels of 58 ppm and females had mean levels 75 ppm. Liver levels of 
PFOA, measured as organic fluoride, were 9 and 10 ppm for males and females, 
respectively. 

Johnson et al. (1984) investigated the effect of feeding cholestyramine to rats on 
the fecal elimination of APFO. Since APFO exists as an anion at physiologic pH, it 
would be expected to complex with cholestyramine. Ten male Charles River CD 
rats, 12 weeks of age and weighing 300-324 g, were given a single iv injection of 
13 mg/kg 14C-APFO. Five rats were given 4% cholestyramine in feed. Urine and 
feces samples were collected at intervals for 14 days, at which time the animals 
were sacrificed and liver samples were collected. At 14 days post dose, the mean 
percentage of PFOA eliminated in the feces of cholestyramine-treated rats was 9.8-
fold the mean percentage eliminated in the feces of rats that did not receive 
cholestyramine .. Excretion in urine was 41 % of the administered dose for 
cholestyramine treated rats and 67% for rats that did not receive cholestyramine. 
Carbon-14 in the liver equaled 4 % or 12.1 ±2.1 ug eq/g in cholestyramine treated 
rats and 8 % or 22.3±6.2 ug eq/g rats that did not receive cholestryamine. In 
plasma, the levels were 5.1±1.7 ug eq/ml in cholestyramine treated rats and 
14.7±6.8 ug eq/ml in rats that did not receive cholestyramine. In red blood cells, the 
levels were 1.8±0. 7 ug eq/ml in cholestryamine treated rats and 4.2±2.4 ug eq/ml in 
rats that did receive cholestryamine. The high concentration of 14C-APFO in the 
liver at 2 weeks after dosing and the fact that cholestyramine treatment enhances 
fecal elimination of carbon-14 nearly 10-fold suggests that there is enterohep.atic 
circulation of PFOA. 

HanhUarvi et a!. (1987} compared tho dispusit!Oii of PFC/!.\ iii rnaie and fernoic 
Wistar rats during subchronic administration. PFOA was administered by gavage to 
48 newly-weaned animals at 0, 3, 10, and 30 mg/kg/day for 28 consecutive days. 
Urine was collected on the 7th and 28th day of the study. At the end of the study, 
blood was collected via cardiac puncture. At each dose level, the mean PFOA 
concentrations in the plasma of the male rats were significantly higher than those of 

http://www.epa.gov/oppt/pfoa/pfoara.htm 8/19/2004 



EPA/OPPT: Office of P . n Prevention & Toxics (OPPT): Pe(fJ• 1orooctanoic Acid (... Page 11 of 50 

the female rats. The mean plasma PFOA concentrations for the male rats were 
48.6±26.5 ppm, 83.1±24.7 ppm, and 53.4 ± 11 .2 ppm, respectively for the 3, 10 
and 30 mg/kg/day dose levels. The corresponding figures for female rats were 
2.43±5.96 ppm, 11 .3±8.59 ppm, and 9.06±8.80 ppm respectively, for the 3, 10 and 
30 mg/kg/day dose levels. Although the plasma PFOA concentrations were 
significantly higher in the male rats, no significant histopathological differences 
between the sexes were observed at necropsy. 

Ylinen et al. (1990) studied the difference between male and female Wistar rats in 
the distribution and accumulation of PFOA after single and subchronic 
administration. For the single dose study, 50 mg/kg of PFOA was administered by 
ip injection to groups of 20 male and 20 female 10 week old rats. For the 
subchronic study, PFOA was administered by gavage at doses of 3, 10, and 30 
mg/kg/day to groups of 18 male and 18 female newly weaned rats. For both 
studies, samples were collected for determination of PFOA levels 12 hr after 
treatment, at 24-168 hr at 24 hr intervals, at 244 hr and at 336 hrs after treatment. 
For the subchronic study, samples were also taken on Day 28. Serum was 
collected by cardiac puncture; the brain was collected afer decapitation and at 
necropsy samples from the liver, kidney, lung, spleen, ovary, testis, and adipose 
tissue were collected and frozen. The biological half-life of PFOA in the serum and 
tissues was determined from the linear relationship between time and PFOA 
concentration in the semilogarithmic plot. 

In the single-dose study, concentrations of PFOA in the serum and tissues were 
higher in males than females at all time periods. Twelve hours after the 
administration of PFOA about 10% of the administered dose was found in the 
serum of females, whereas about 40% of the administered dose was in the serum 
of males. In females, the concentration of PFOA in the serum, liver, and kidney 
occurred in a discontinuous fashion, indicating distinct phases. The half-life in the 
serum was 24 hr in females and 105 hr in the males. In the females, a half-life of 60 
hr was estimated in the liver during the first week. In the males, the half-life in liver 
was 210 hr. Although PFOA was retained by the liver, it was not found in the lipid 
fraction . In the kidney, the half-life was 130 hr and 145 hr in females and males, 
respectively. In the spleen, the half-life was 73 hr in the females and 170 hr in 
males. PFOA was also found in brain tissue. PFOA was not detectable in adipose 
tissue. 

Samples taken on the 28th day indicated significantly higher PFOA concentrations 
in the serum and tissues of males versus females at all three dose levels. After 
subchronic, as well as single-dose administration, PFOA was mainly distributed in 
the serum of rats. High concentrations of PFOA. were a!so found in the liver, kidney, 
and lung of males and females. At the 30 mg/kg/day dose level, females and males 
exhibited, respectively, serum concentrations of 13.92 and 51.65 ppm, liver 
concentrations of 6.64 ug/g and 49.77 ug/g, kidney concentrations of 12.54 ug/g 
and 39.81 ug/g, spleen concentrations of 1.59 ug/g and 4.10 ug/g, lung 
concentrations of 0.75 ug/g and 23.71 ug/g, and brain concentrations of 0.044 ug/g 
and 0.710 ug/g. The ovary contained 1.16 ug/g and the testis contained 7.22 ug/g. 
At the 10 mg/kg/day dose level, females and males exhibited, respectively, serum 
concentrations of 12.47 and 87.27 ppm, liver concentrations of 3.45 ug/g and 51.71 
ug/g, kidney concentrations of 7.36 ug/g and 40.56 ug/g, spleen concentrations of 
0.38 ug/g and 7.59 ug/g, lung concentrations of 0.22 ug/g and 22.58 ug/g, and 
brain concentrations of 0.029 ug/g and 1.464 ug/g. The ovary contained 0.41 ug/g 
and the testis contained 9.35 ug/g. At the 3 mg/kg/day dose level, females and 
males exhibited, respectively, serum concentrations of 2.40 and 48.60 ppm, liver 
concentrations of 1.81 ug/g and 39.90 ug/g, kidney concentrations of 0.06 ug/g and 
1.55 ug/g, spit:ei'; Cvi'iceniiai ions of G.15 ugly ai iu 4.75 ugly, iung concentrations of 
0.24 ug/g and 2.95 ug/g, and brain concentrations of< limits of quantitation and 
0.398 ug/g. The ovary contained less than the limits of quantitation and the testis 
contained 6.24 ug/g. A significant positive correlation existed between the 
administered dose and the concentration of PFOA in the liver, kidney, spleen, and 
lung of females. On the contrary, no significant correlation between the 
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administered dose and the concentration of PFOA was observed in the males, as 
10 mg/kg/day produced higher PFOA concentrations in the serum and organs than 
30 mg/kg/day. However, in males, the concentration in the spleen, testis, and brain 
correlated positively with the concentration in the serum. 

Vanden Heuvel et al. (1991b) administered 9.4 umol/kg 14C-PFOA by ip injection, 
to male and female Harlan Sprague-Dawley rats. The concentration of 14C-PFOA­
derived radioactivity in the blood was higher and eliminated more slowly in males 
than in females. In males, the tY:z was 9 days while the tY:z was 4 hr in females .. In 
the male rats, 21 % of the administered dose was present in the liver at 2 hr after 
treatment followed by levels in the plasma and kidney. By 28 days post-treatment, 
levels in the liver had fallen to 2% of the administered dose. Far lower PFOA 
concentrations were found in the heart, testis, fat, and gastrocnemius muscle. In 
females at 2 hr post dose, the highest concentrations of PFOA were found in the 
plasma followed by the kidney, liver and ovaries in that order. The average tY:z for 
elimination of PFOA from the liver in male rats was 11 days compared to an 
average of 9 days for extrahepatic tissues. In females, the average tY:z for tissue 
elimination was approximately 3 hr. 

Vanden Heuvel et al. (1991a) investigated the disposition of PFOA in perfused 
male rat liver. Liver was infused with 0.08 umol 14C-PFOA/min over a 48 min 
period for a total of 3.84 umol 14C. Approximately 11 % of the cumuiative dose of 
14C-PFOA infused was extracted by the liver during a first pass. At 2 min, the 
cumulative percent of PFOA extracted by the liver was 33%; that was substantially 
greater than the 11 % cumulative dose of 14C that was extracted after 48 min 
indicating that first-pass hepatic uptake of PFOA may be saturable. Pooled daily 
urine samples taken 0-4 days post-treatment and bile extracts analyzed by HPLC 
contained a single radioactive peak eluting identically to the parent compound. 
Tissues were taken from rats treated 4, 14, and 28 days previously with 14C-PFOA 
to determine the presence of PFOA-containing lipid conjugates. Only the parent 
compound was present in rat tissues; no PFOA-containing hybrid lipids were 
detected. Fluoride concentrations in plasma and urine before and after PFOA 
treatment were unchanged, indicating that PFOA does not undergo defluorination. 
Female rats eliminated PFOA-derived radioactivity rapidly in the urine with 91 % of 
the dose being excreted in the first 24 hr, while male rats excreted only 6% of the 
dose in the same time period. Negligible radioactivity was recovered in the feces of 
female rats. In male rats during the 28-day collection period, the cumulative 
excretion of PFOA-derived 14C in urine and feces was 36.4% in urine and 35.1 % in 
feces. The female rat retained less than 10% of the administered dose after 24 hr, 
while the male rats retained 30% of the administered dose after 28 days. The 
whole-body elimination half-life in females was !ess than one day, and in males it 
was 15 days. In renal-ligated rats injected ip with 14C-PFOA, approximately 0.3% 
of the PFOA-derived radioactivity was excreted in the bile after 6 hours. No sex­
related difference in the biliary excretion of PFOA was observed when the kidneys 
were ligated. 

Vanden Heuvel et al. (1992) demonstrated that PFOA covalently binds to proteins 
in the liver, plasma, and testes of rats. Carbon-14-labeled PFOA at a dose of 9.4 
umol/kg was administered by ip injection to six-week old male Harlan Sprague­
Dawley rats. No time-dependent changes in either absolute or relative 
concentrations of covalently bound PFOA-derived 14C were found at 2 hours, 1 
and 4 days post-treatment. Covalently bound PFOA was represented by 0.1 % to 
0.3% of the tissue 14C content. The absolute concentration of covalently bound 
PFOA was significantly higher in the plasma than in the liver. The testes had the 
highest relative concentration of covalently bound PFOA-derived radioactivity. 

Johnson (1995a) reported on the disposition of the tetrabutyl ammonium salt of 
perfluorooctanoic acid in female rabbits. Individual rabbits were given intravenous 
doses of 0, 4, 16, 24 and 40 mg/kg. The animal give 40 mg/kg died within 5 
minutes of treatment. All other animals appeared normal throughout the study. 
Serum samples were analyzed for total organic fluorine at 2, 4, 6, 8, 12, 24, and 48 
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hours post dose. At 2 hrs, serum organic fluorine levels in the rabbits that received 
0, 4, 16, and 24 mg/kg were 1.25 ppm, 4.09 ppm, 14.9 ppm, and 41.0 ppm, 
respectively. There was a rapid decrease of total organic fluorine in the serum with 
time; it was non-detectable at 48 hr. The biological half-life was on the order of 4 
hours. The total organic fluorine levels in whole liver at 48 hr post dose for the 
rabbits that received 0 mg/kg, 4 mg/kg, 16 mg/kg, and 24 mg/kg were 20 ug, 43 ug, 
66 ug, and 54 ug, respectively. 

3.2.3 Metabolism Studies in Animals 

Vanden Heuvel et al. (1991 b) investigated the metabolism of PFOA in Harlan 
Sprague-Dawley rats administered 14C-PFOA (9.4 umol/kg, ip). Pooled daily urine 
samples (0-4 days post-treatment) and bile extracts analyzed by HPLC contained a 
single radioactive peak eluting identically to the parent compound. Tissues were 
taken from rats treated 4, 14, and 28 days previously with 14C-PFOA to determine 
the presence of PFOA-containing lipid conjugates. Only the parent compound was 
present in rat tissues; no PFOA-containing hybrid lipids were detected. Fluoride 
concentrations in plasma and urine before and after PFOA treatment were 
unchanged, indicating that PFOA does not undergo defluorination. 

Ophaug and Singer (1980) also found no change in ionic fluoride level in the serum 
or urine following oral administration of PFOA to female Holtzman rats. Ylinen et al. 
(1989) found no evidence of phase II metabolism of PFOA following a single 
intraperitoneal PFOA dose (50 mg/kg) in male and female Wistar rats. 

3.2.4 Elimination Studies in Animals 

Gibson and Johnson (1980) observed a sex difference in extent and rate of 
excretion of total carbon-14 between male and female CD rats after a single iv dose 
of 14C-PFOA. The mean dose for females was 16.7 mg/kg while that for males was 
13.1 mg/kg. Female rats excreted essentially all of the administered dose via the 
urine in the 24 hours after treatment. During the same time period, male rats 
excreted only 20% of the total dose. Male rats excreted 83% of the total dose via 
the urine and 5.4% via the feces by 36 days post dose. No radioactivity was 
detected in tissues of female rats at 17 days post dose; 2.8% of the total dose was 
detected in the liver of male rats and 1.1 % in the plasma at 36 days post dose with 
lower levels equaling < 0.5% of the total dose in other organs. 

The urinary excretion of APFO in rats was investigated by Hanhijarvi et al. (1982). 
Four male and six female Holtzman rats were administered 2 mg APFO in 2 ml 
aqueous solution by stomach intubation. Seven female rats were administered 2 ml 
distilled water as controls. The animals were then placed in metabolism cages with 
rat chow and tap water. Urine was collected uritil animals were sacrificed at 24 hr 
by cardiac puncture. Serum was collected. Ionic fluoride and total fluorine content 
of serum and urine were determined, and nonionic fluorine was calculated as the 
difference. For clearance studies of APFO and inulin, the rats were anesthetized 
with lnactin and the femoral artery was cannulated for continuous infusion of 5% 
mannitol in isotonic saline while the femoral artery was cannulated for drawing 
blood samples. The urinary bladder was also cannulated for serial collections of 
urine. When the urine and serum collections for the clearance study were complete, 
65-68 mg/kg probenecid was administered by ip injection and additional clearance 
tests were performed. In the cumulative excretion study, rats were dosed iv with a 
mixture of 10%-20% radiolabeled-APFO and 80-90% unlabeled APFO. Five 
percent mannitol was infused and urine specimens were collected over 30-min 
intervals. The effect of probenecid was assessed by administering 65-68 mg/kg by 
ip injection at ieast 30 min prior to the admin istration of APFO. Twenty-four hours 
after oral administration of APFO, female rats had excreted 76±2.7% of the dose in 
the urine and had a mean serum nonionic fluorine level of 0.35±0.11 ppm, while 
male rats had excreted only 9.2±3.5% of the dose and had a mean serum nonionic 
fluorine level of 44.0±1. 7 ppm. 97 .5±0.25% of the APFO was bound in the plasma 
of both male and female rats. The clearance studies demonstrated major 
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differences between the sexes in rats. The APFO clearance in female rats was 
several times greater than the inulin clearance. Administration of probenecid, which 
strongly inhibits active renal secretion of organic acids, reduced the APFO/inulin 
clearance ratio in females from 14.5 to 0.46. APFO clearance was reduced from 
5.8 to 0.11 ml/min/1 OOg. Net APFO excretion was reduced from 4.6 ug/min to 0.13 
ug/min/1 OOg. In male rats, however, the APFO/inulin clearance ratio and the net 
excretion of APFO were virtually unaffected by probenecid. In the males, APFO 
clearance was 0.17 ml/min/1 OOg, the APFO/inulin clearance ratio was 0.22, and net 
APFO excretion was 0.17 ug/min/mg. In the cumulative excretion studies, female 
rats excreted 76% of the administered dose of APFO, while males excreted only 
7.8% of the administered dose over a 7-hr period. Probenecid administration 
modified the cumulative excretion curve for males only slightly. However, in 
females probenecid markedly reduced APFO elimination to 11.8%. The authors 
concluded that the female rat possesses an active secretory mechanism which 
rapidly eliminates APFO from the body. This secretory mechanism is lacking or is 
relatively inactive in male rats and accounts for the greater toxicity of APFO in 
males. 

Hormonal changes during pregnancy do not appear to cause a change in the rate 
of elimination of 14C after oral administration of a single dose of 14C-APFO 
(Gibson and Johnson, 1983). At 8 or 9 days after conception, four pregnant CD rats 
and 2 nonpregnant female CD rats were given a mean dose of 15 mg/kg 14C­
APFO. Individual urine samples were collected at 12, 24, 36, and 48 hours post 
dose and analyzed for 14C content. Essentially ail of the 14C was eliminated via 
the urine within 24 hours for both groups of rats. 

Hanhijarvi et al. (1988) investigated the excretion of PFOA in the beagle dog. Six 
laboratory bred beagle dogs, 3 males and 3 females were given an iv dose of 30 
mg/kg of PFOA followed by continuous infusion with 5% mannitol. Urine was 
collected at 10 minute intervals for 60 min. A 5 ml blood sample was collected in 
the middle of each urine sampling period. Thirty mg/kg probenecid was then 
administered by iv injection, and urine and blood samples were collected as before. 
Renal clearance of PFOA was calculated for the before and after probenecid 
injection periods. Four additional dogs, 2 males and 2 females, were given 30 
mg/kg of PFOA by iv injection. These dogs were kept in metabolism cages, and 
blood samples were collected intermittently for 30 days. The renal clearance rate 
was approximately 0.03 ml/min/kg. Probenecid significantly reduced the PFOA 
clearance rate in both sexes, indicating an active secretion mechanism for PFOA. 
The plasma half-life of PFOA was 473 hr before probenecid administration and 541 
hr after in male dogs and 202 hr before probenecid and 305 hr after in the female 
dogs. 

Ylinen et al (1989) studied the urinary excretion of PFOA in male Wistar rats after 
castration and estradiol administration. They also studied urinary excretion in intact 
males and females. Twenty male rats were castrated at 28 days of age and were 
used in tests of PFOA excretion 5 weeks later. Ten castrated and 10 intact males 
were given 500 ug/kg estradiol valerate by sc injection every second day for 14 
days before administration of PFOA. PFOA was administered as a single ip 
injection at 50 mg/kg. Urine was collected in metabolism cages for 96 hr after 
PFOA administration. Blood samples were collected by cardiac puncture. Six 
female rats were also included in the experiment. Castration and administration of 
estradiol to the male rats had a significant stimulatory effect on the urinary 
excretion of PFOA. During the first 24 hours, female rats excreted 72±5% of the 
administered dose of PFOA, whereas the intact males excreted only 9±4%. After 
the estradiol treatment, both the intact and castrated males excreted PFOA in 
amounts simgar tc fema:es, 6~±~9~-~ ai1d 681.14~·{;, resµecth.:sly. The castiated 
males without estradiol treatment excreted 50±13% of the administered dose of 
PFOA in the urine. This was faster than the intact males but less than the females 
and the estrogen treated males. At the end of the test, the concentration of PFOA 
in the serum of intact males was 17-40 times higher than the concentration PFOA 
in the serum of other groups. There was no statistically significant difference in the 
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serum concentrations between the other groups. PFOA was similarly bound by the 
proteins in the serum of males and females. 

Vanden Heuvel et al. (1992a) investigated whether androgens or estrogens are 
involved in the marked sex-differences in the urinary excretion of PFOA. Castrated 
Harlan Sprague-Dawley male rats were given 9.4 umol/kg, 14C-PFOA by ip 
injection. Castration increased the elimination of PFOA in the urine by >1-fold (36% 
of the dose was eliminated in 4 days versus 16% in controls), demonstrating that a 
factor produced by the testis is responsible for the slow elimination of PFOA in 
male rats. Castration plus 178-estradiol had no further effect on PFOA elimination 
whereas castration plus testosterone replacement at the physiological level 
reduced PFOA elimination to the same level as rats with intact testis. Thus, in male 
rats, testosterone exerts an inhibitory effect on renal excretion of PFOA. In female 
rats, neither ovariectomy or ovariectomy plus testosterone affected the urinary 
excretion of PFOA, demonstrating that the inhibitory effect of testosterone on PFOA 
renal excretion is a male-specific response. Probenecid, which inhibits the renal 
transport system, decreased the high rate of PFOA renal excretion in castrated 
males but had no effect on male rats with intact testis. 

Kudo et al. (2002) demonstrated in male and female Wistar rats that renal 
clearance (CLR) of PFOA and the renal mRNA levels of specific organic anion 
transporters are markedly affected by sex hormones. The biological half-life of 
PFOA in male rats was found to be 70 times longer (5. 7 days versus 1.9 hours) 
than in female rats and this difference is due primarily to low CLR in male rats. In 
female rats there appears to be biphasic elimination of PFOA; the fast phase 
occurs with a half life of approximately 1.9 hours while the slow phase occurs with a 
half life of approximately 24 hours. Castration of male rats caused a 14-fold 
increase in CLR of PFOA. The elevated PFOA CLR in castrated males was 
reduced by treating them with testosterone. Treatment of male rats with estradiol 
increased the CLR of PFOA. In female rats, ovariectomy caused a significant 
increase in CLR of PFOA, which was reduced by estradiol treatment. Treatments of 
female rats with testosterone reduced the CLR of PFOA. Treatment with 
probenecid, a known inhibitor of organic anion transporters, markedly reduced the 
CLR of PFOA in male rats, castrated male rats, and female rats. To identify the 
transporter molecules that are responsible for PFOA transport in the rat kidney, 
renal mRNA levels of specific organic anion transporters were determined in male 
and female rats under various hormonal states and compared with the CLR of 
PFOA. The level of OAT2 mRNA in male rats was only 13% that in female rats. 
Castration or estradiol treatment increased the level of OAT2 mRNA whereas 
treatment of castrated male rats with testosterone reduced it. Ovariectomy of 
female rats significantly increased the level of OAT3 mRNA. Mu!tip!e regression 
analysis of the data suggested that organic anion transporter 2 (OAT2) and OAT3 
are responsible for urinary elimination of PFOA in the rat. 

3.3 Epidemiology Studies 

3M has conducted several epidemiology and medical surveillance studies of the 
workers at its Decatur, Antwerp, and Cottage Grove plants. However, these studies 
have not provided information regarding the potential for developmental toxicity 
since the majority of production workers at facilities that produce or use PFOA are 
male, and reproductive outcomes have not been examined. The results of these 
studies are summarized below for the readers' information. 

3.3.1 Mortality Studies in Humans 

A reirospeciivc cuhurt murtaiiiy study ·was pc;iut med on empioyees at the Cottage 
Grove, MN plant which produces APFO (Gilliland and Mandel, 1993). At this plant, 
APFO production was limited to the Chemical Division. The cohort consisted of 
workers who had been employed at the plant for at least 6 months between 
January 1947 and December 1983. Death certificates of all of the workers were 
obtained to determine cause of death. There was almost complete follow-up 
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(99.5%) of all of the study participants. The exposure status of the workers was 
categorized based on their job histories. If they had been employed for at least 1 
month in the Chemical Division, they were considered exposed. All others were 
considered to be not exposed to PFOA. The number of months employed in the 
Chemical Division provided the cumulative exposure measurements. Of the 3537 
(2788 men and 749 women) employees who participated in this study, 398 (348 
men and 50 women) were deceased. Eleven of the 50 women and 148 of the 348 
men worked in the Chemical Division, and therefore, were considered exposed to 
PFOA. 

Standardized Mortality Ratios (SMRs), adjusted for age, sex, and race were 
calculated and compared to U.S. and Minnesota white death rates for men. For 
women, only state rates were available. The SM Rs for males were stratified for 3 
latency periods (10, 15, and 20 years) and 3 periods of duration of employment (5, 
10, and 20 years). 

For all female employees, the SM Rs for all causes and for all cancers were less 
than 1. The only elevated (although not significant) SMR was for lymphopoietic 
cancer, and was based on only 3 deaths. When exposure status was considered, 
SM Rs for all causes of death and for all cancers were significantly lower than 
expected, based on the U.S. rates, for both the Chemical Division workers and the 
other employees of the plant. 

In all male workers at the plant, the SM Rs were close to 1 for most of the causes of 
death when compared to both the U.S. and the Minnesota death rates. When 
latency and duration of employment were considered, there were no elevated 
SMRs. When employee deaths in the Chemical Division were compared to 
Minnesota death rates, the SMR for prostate cancer for workers in the Chemical 
Division was 2.03 (95% Cl .55 - 4.59). This was based on 4 deaths (1 .97 
expected). There was also a statistically significant association with length of 
employment in the Chemical Division and prostate cancer mortality. Based on the 
results of proportional hazard models, the relative risk for a 1-year increase in 
employment in the Chemical Division was 1.13 (95% Cl 1.01 to 1.27). It rose to 3.3 
(95% Cl 1.02 -10.6) for workers employed in the Chemical Division for 10 years 
when compared to the other employees in the plant. The SMR for workers not 
employed in the Chemical Division was less than expected for prostate cancer 
(.58). 

An update of this study was conducted to include the death experience of 
employees through 1997 (Alexander, 2001a). The cohort consisted of 3992 
workers. The eligibility requirement was increased to 1 year of employment at the 
Cottage Grove plant, and the exposure categories were changed to be more 
specific. Workers were placed into 3 exposure groups based on job history 
information: definite PFOA exposure (n = 492, jobs where cell generation, drying, 
shipping and packaging of PFOA occurred throughout the history of the plant); 
probable PFOA exposure (n = 1685, other chemical division jobs where exposure 
to PFOA was possible but with lower or transient exposures); and not exposed to 
fluorochemicals (n = 1815, primarily non-chemical division jobs). 

In this new cohort, 607 deaths were identified: 46 of these deaths were in the 
PFOA exposure group, 267 in the probable exposure group, and 294 in the non­
exposed group. When all employees were compared to the state mortality rates, 
SM Rs were less than 1 or only slightly higher for all of the causes of death 
analyzed. None of the SM Rs were statistically significant at p = .05. The highest 
SMR reported was for bladder cancer (SMR = 1.31, 95% Cl = 0.42 - 3.05). Five 
deaths v..-cr~ obsen,;ed (3.83 expected) . 

A few SMRs were elevated for employees in the definite PFOA exposure group: 2 
deaths from cancer of the large intestine (SMR = 1.67, 95% Cl = 0.02 - 6.02), 1 
from pancreatic cancer (SMR = 1.34, 95% Cl = 0.03 - 7.42), and 1 from prostate 
cancer (SMR = 1.30, 95% Cl = 0.03 - 7.20). In addition, employees in the definite 
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PFOA exposure group were 2.5 times more likely to die from cerebrovascular 
disease (5 deaths observed, 1.94 expected; 95% Cl = 0.84 - 6.03). 

In the probable exposure group, 3 SMRs should be noted: cancer of the testis and 
other male genital organs (SMR = 2.75, 95% Cl= 0.07 - 15.3); pancreatic cancer 
(SMR = 1.24, 95% Cl = 0.45 - 2.70); and malignant melanoma of the skin (SMR = 
1.42, 95% Cl = 0.17 - 5.11 ). Only 1, 6, and 2 cases were observed, respectively. 
The SMR for prostate cancer in this group was 0.86 (95% Cl = 0.28 - 2.02) (n = 5). 

There were no notable excesses in SM Rs in the non-exposed group, except for 
cancer of the bladder and other urinary organs. Four cases were observed and only 
1.89 were expected (95% Cl = 0.58 - 5.40). 

It is difficult to interpret the results of the prostate cancer deaths between the first 
study and the update because the exposure categories were modified in the 
update. Only 1 death was reported in the definite exposure group and 5 were 
observed in the probable exposure group. All of these deaths would have been 
placed in the chemical plant employees exposure group in the first study. The 
number of years that these employees worked at the plant and/or were exposed to 
PFOA was not reported. This is important because even 1 prostate cancer death in 
the definite PFOA exposure group resulted in an elevated SMR for the group. 
Therefore, if any of the employees' exposures were misclassified, the results of the 
analysis could be altered significantly. 

The excess mortality in cerebrovascular disease noted in employees in the definite 
exposure group was further analyzed based on number of years of employment at 
the plant. Three of the 5 deaths occurred in workers who were employed in jobs 
with definite PFOA exposure for more than 5 years but less than 10 years (SMR = 
15.03, 95% Cl= 3.02 - 43.91). The other 2 occurred in employees with less than 1 
year of definite exposure. The SMR was 6.9 (95% Cl= 1.39 - 20.24) for employees 
with greater than 5 years of definite PFOA exposure. In order to confirm that the 
results regarding cerebrovascular disease were not an artifact of death certificate 
coding , regional mortality rates were used for the reference population. The results 
did not change. When these deaths were further analyzed by cumulative exposure 
(time-weighted according to exposure category), workers with 27 years of exposure 
in probable PFOA exposed jobs or those with 9 years of definite PFOA exposure 
were 3.3 times more likely to die of cerebrovascular disease than the general 
population. A dose-response relationship was not observed with years of exposure. 

!t is difficult to compare the results of the first and second mortality studies at the 
Cottage Grove plant since the exposure categories were modified. Although the 
potential for exposure misclassification was certainly more likely in the first study, it 
may still have occurred in the update as well. It is difficult to judge the reliability of 
the exposure categories that were defined without measured exposures. Although 
serum PFOA measurements were considered in the exposure matrix developed for 
the update, they were not directly used. In the second study, the chemical plant 
employees were sub-divided into PFOA-exposed groups, and the film plant 
employees essentially remained in the "non-exposed" group. This was an effort to 
more accurately classify exposures; however, these new categories do not take 
into account duration of exposure or length of employment. Another limitation to 
this study is that 17 death certificates were not located for deceased employees 
and therefore were not included in the study. The inclusion or exclusion of these 
deaths could change the analyses for the causes of death that had a small number 
of cases. Follow up of worker mortality at Cottage Grove (and Decatur) needs to 
continue. Aithough there were more than 200 additional deaths inciuded in this 
analysis, it is a small number and the cohort is still relatively young. Given the 
results of studies on fluorochemicals in both animals and humans, further analysis 
is warranted. 

3.3.2 Hormone Study in Humans 
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Endocrine effects have been associated with PFOA exposure in animals; therefore, 
medical surveillance data, including hormone testing, from male employees only of 
the Cottage Grove, Minnesota plant were analyzed (Olsen, et al., 1998a). PFOA 
serum levels were obtained for volunteer workers in 1993 (n = 111) and 1995 (n = 
80). Sixty-eight employees were common to both sampling periods. In 1993, the 
range of PFOA was 0-80 ppm (although 80 ppm was the limit of detection that year, 
so it could have been higher) and 0-115 ppm in 1995 using thermospray mass 
spectrophotometry assay. Eleven hormones were assayed from the serum 
samples. They were: cortisol, dehydroepiandrosterone sulfate (DHEAS), estradiol, 
FSH, 17 gamma-hydroxyprogesterone (17-HP), free testosterone, total . 
testosterone, LH, prolactin, thyroid-stimulating hormone (TSH) and sex hormone­
binding globulin (SHBG). Employees were placed into 4 exposure categories based 
on their serum PFOA levels: 0-1 ppm, 1- < 10 ppm, 10- < 30 ppm, and >30 ppm. 
Statistical methods used to compare PFOA levels and hormone values included: 
multivariable regression analysis, ANOVA, and Pearson correlation coefficients. 

PFOA was not highly correlated with any of the hormones or with the following 
covariates: age, alcohol consumption, BMI, or cigarettes. Most of the employees 
had PFOA serum levels less than 10 ppm. In 1993, only 12 employees had serum 
levels > 10 ppm, and 15 in 1995. However, these levels ranged from approximately 
10 ppm to over 114 ppm. There were only 4 employees in the >30 ppm PFOA 
group in 1993 and only 5 in 1995. Therefore, it is likely that there was not enough 
power to detect differences in either of the highest categories. The mean age of the 
employees in the highest exposure category was the lowest in both 1993 and 1995 
(33.3 years and 38.2 years, respectively) . Although not significantly different from 
the other categories, BMI was slightly higher in the highest PFOA category. 

Estradiol was highly correlated with BMI (r = .41, p < .001 in 1993, and r = .30, p 
< .01 in 1995). In 1995, all 5 employees with PFOA levels> 30 ppm had BMls > 28, 
although this effect was not observed in 1993. Estradiol levels in the >30 ppm 
group in both years were 10% higher than the other PFOA groups; however, the 
difference was not statistically significant. The authors postulate that the study may 
not have been sensitive enough to detect an association between PFOA and 
estradiol because measured serum PFOA levels were likely below the observable 
effect levels suggested in animal studies (55 ppm PFOA in the CD rat). Only 3 
employees in this study had PFOA serum levels this high. They also suggest that 
the higher estradiol levels in the highest exposure category could suggest a 
threshold relationship between PFOA and e~tradiol. 

Free testosterone was highly correlated with age in both 1993 and 1995. The 
authors did not report a negative association between PFOA serum levels and 
testosterone. There were no statistically significant trends noted for PFOA and 
either bound or free testosterone. However, 17-HP, a precursor of testosterone, 
was highest in the >30 ppm PFOA group in both 1993 and 1995. In 1995, PFOA 
was significantly associated with 17-HP in regression models adjusted for possible 
confounders. However, the authors state that this association was based on the 
results of one employee (data were not provided in the report). There were no 
significant associations between PFOA and cortisol, DHEAS, FSH, LH, and SHBG. 

There are several design issues that should be noted when evaluating the results 
of this study. First, although there were 2 study years ( 1993 and 1995), the 
populations were not independent. Sixty-eight employees participated in both 
years. Second, there were 31 fewer employees who participated in the study in 
1995, thus reducing the power of the study. There were also very few employees in 
either year v-.;ith serum PFOP. leveis greater thaii 1 Q ppin. Thiid, the Cioss-sectiona! 
design of the study does not allow for analysis of temporality of an association. 
Since the half-life of PFOA is at least 1 year, the authors suggest that it is possible 
that there may be some biological accommodation to the effects of PFOA. Fourth, 
only one sample was taken for each hormone for each of the study years. In order 
to get more accurate measurements for some of the hormones, pooled blood taken 
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in a short time period should have been used for each participant. Fifth, some of 
the associations that were measured in this study were done based on the results 
of an earlier paper that linked PFOA with increased estradiol and decreased 
testosterone levels. However, total serum organic fluorine was measured in that 
study instead of PFOA, making it difficult to compare the results. Finally, there may 
have been some measurement error of some of the confounding variables. 

3.3.3 Study on Episodes of Care (Morbidity) 

In order to gain additional insight into the effects of fluorochemical exposure on 
workers' health, an "episode of care" analysis was undertaken at the Decatur plant 
to screen for morbidity outcomes that may be associated with long-term, high 
exposure to fluorochemicals (Olsen et al., 2001g). An "episode of care" is a series 
of health care services provided from the start of a particular disease or condition 
until solution or resolution of that problem. Episodes of care were identified in 
employees' health claims records using Clinical Care Groups (CCG) software. All 
inpatient and outpatient visits to health care providers, procedures, ancillary 
services and prescription drugs used in the diagnosis, treatment, and management 
of over 400 diseases or conditions were tracked. 

Episodes of care were analyzed for 652 chemical employees and 659 film plant 
employees who worked at the Decatur plant for at least 1 year between January 1 , 
1993 and December 31, 1998. Based on work history records, employees were 
placed into different comparison groups: Group A consisted of all film and chemical 
plant workers; Group B had employees who only worked in either the film or 
chemical plant; Group C consisted of employees who worked in jobs with high 
POSF exposures; and Group D had employees who worked in high exposures in 
the chemical plant for 10 years or more prior to the onset of the study. Film plant 
employees were considered to have little or no fluorochemical exposure, while 
chemical plant employees were assumed to have the highest exposures. 

Ratios of observed to expected episodes of care were calculated for each plant. 
Expected numbers were based on 3M's employee population experience using 
indirect standardization techniques. A ratio of the chemical plant's observed to 
expected experience divided by the film plant's observed to expected experience 
was calculated to provide a relative risk ratio for each episode of care (RREpC). 
For each RREpC, 95% confidence intervals were calculated. Episodes of care that 
were of greatest interest were those which had been reported in animal or 
epidemiologic literature on PFOS and PFOA: liver and bladder cancer, endocrine 
disorders involving the thyroid gland and lipid metabolism, disorders of the liver and 
biliary tract, and reproductive disorders. 

The only increased risk of episodes for these conditions of a priori interest were for 
neoplasms of the male reproductive system and for the overall category of cancers 
and benign growths (which included cancer of the male reproductive system). 
There was an increased risk of episodes for the overall cancer category for all 4 
comparison groups. The risk ratio was greatest in the group of employees with the 
highest and longest exposures to fluorochemicals (RREpC = 1.6, 95% Cl = 1.2 -
2.1 ). Increased risk of episodes in long-time, high-exposure employees also was 
reported for male reproductive cancers (RREpC = 9. 7, 95% Cl = 1.1 - 458). It 
should be noted that the confidence interval is very wide for male reproductive 
cancers and the sub-category of prostate cancer. Five episodes of care were 
observed for reproductive cancers in chemical plant employees (1.8 expected), of 
which 4 were prostate cancers (RREpC = 8.2, 95% Cl = 0.8 - 399). One episode of 
prostate cancer was observed in film plant employees (3.4 expected). This finding 
shouid be noted because an excess in prostate cancer mortality was observed in 
the Cottage Grove plant mortality study when there were only 2 exposure 
categories (chemical division employees and non-chemical division employees). 
The update of the study sub-divided the chemical plant employees and did not 
corroborate this finding when exposures were divided into definitely exposed and 
probably exposed employees. · 
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There was an increased risk of episodes for neoplasms of the gastrointestinal tract 
in the high exposure group (RREpC = 1.8, 95% Cl= 1.2-3.0) and the long-term 
employment, high exposure group (RREpC = 2.9, 95% Cl = 1. 7 - 5.2). Most of the 
episodes were attributable to benign colonic polyps. Similar numbers of episodes 
were reported in film and chemical plant employees. 

In the entire cohort, only 1 episode of care was reported for liver cancer (0.6 
expected) and 1 for bladder cancer (1.5 expected). Both occurred in film plant 
employees. Only 2 cases of cirrhosis of the liver were observed (0.9 expected), 
both in the chemical plant. There was a greater risk of lower urinary tract infections 
in chemical plant employees, but they were mostly due to recurring episodes of 
care by the same employees. It is difficult to draw any conclusions about these 
observations, given the small number of episodes reported . 

Chemical plant employees in the high exposure, long-term employment group were 
2 % times more likely to seek care for disorders of the biliary tract than their 
counterparts in the film plant (RREpC = 2.6, 95% Cl = 1.2 - 5.5). Eighteen episodes 
of care were observed in chemical plant employees and 14 in film plant workers. 
The sub-categories that influenced this observation were episodes of cholelithiasis 
with acute cholecystitis and cholelithiasis with chronic or unspecified cholecystitis. 
Most of the observed cases occurred iri chemical plant employees. 

Risk ratios of episodes of care for endocrine disorders, which included sub­
categories of thyroid disease, diabetes, hyperlipidemia, and other endocrine or 
nutritional disorders, were not elevated in the comparison groups: Conditions which 
were not identified a priori but which excluded the null hypothesis in the 95% 
confidence interval for the high exposure, long-term employment group included: 
disorders of the pancreas, cystitis, and lower urinary tract infections. 

The results of this study should only be used for hypothesis generation. Although 
the episode of care design allowed for a direct comparison of workers with similar 
demographics but different exposures, there are many limitations to this design. 
The limitations include: 1) episodes of care are reported , not disease incidence, 2) 
the data are difficult to interpret because a large RREpC may not necessarily 
indicate high risk of incidence of disease, 3) many of the risk ratios for episodes of 
care had very wide confidence intervals, thereby providing unstable results, 4) the 
analysis was limited to 6 years, 5) the utilization of health care services may reflect 
local medical practice patterns, 6) individuals may be counted more than once in 
the database because they can be categorized under larger or smaller disease 
classifications. 7) episodes of care may include the same individual several times, 
8) not all employees were included in the database, such as those on long-term 
disability, 9) the analysis may be limited by the software used, which may 
misclassify episodes of care, 10) the software may assign 2 different diagnoses to 
the same episode, and 11) certain services, such as lab procedures may not have 
been reported in the database. 

3.3.4 Medical Surveillance Studies from the Antwerp and Decatur Plants 

A cross-sectional analysis of the data from the 2000 medical surveillance program 
at the Decatur and Antwerp plants was undertaken to determine if there were any 
associations between PFOA and hematology, clinical chemistries, and hormonal 
parameters of volunteer employees (Olsen, et al., 2001e). The data were analyzed 
for all employees from both plant locations. Mean PFOA serum levels were 1.03 
ppm for all male employees at the Antwerp plant and 1.90 ppm for all male 
employees at the Decatur piant. iviaie produciion empioy;:;e::; ai the Decaiui pian l 
had significantly higher (p < .05) mean serum levels (2.34 ppm) than those at the 
Antwerp plant (1.28 ppm). Non-production employees at both plants had mean 
levels below 1 ppm. PFOA serum levels were higher than the PFOS serum values 
at both plants, especially the Decatur plant where serum levels are higher overall. 
In addition, values for total organic fluorine were even higher than the PFOA levels. 
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Multivariable regression analyses were conducted to adjust for possible 
confounders that may affect the results of the clinical chemistry tests. The following 
variables were included: production job (yes or no), plant, age, body mass index 
(BMI), cigarettes/day, drinks/day and years worked at the plant. A positive 
significant association was reported between PFOA and cholesterol (p = .05) and 
PFOA and triglycerides (p = .002). Age was also significant in both analyses. 
Alcohol consumed per day was significant in the cholesterol model, while BMI and 
cigarettes smoked per day was significant for triglycerides. When both PFOA and 
PFOS were included in the analyses, neither reached statistical significance in the 
cholesterol model, while PFOA remained significant (p = .02) in the triglycerides 
model. HDL was negatively associated with PFOA (p = .04) and remained 
significant (p = .04) when both PFOA and PFOS were included in the model. A 
positive association (p = .01) between T3 and PFOA was also observed arid 
remained statistically significant (p = .05) when PFOS was included in the model. 
BMI, cigarettes/day, alcohol/day were also significant in the model. None of the 
other clinical chemistry, thyroid or hematology measures were significantly 
associated with PFOA in the regression model. 

A longitudinal analysis of the above data and previous medical surveillance results 
was performed to determine whether occupational exposure to fluorochemicals 
over time is related to cnanges in clinical chemistry and lipid results in employees 
of the Antwerp and Decatur facilities (Olsen, et al., 2001f). The clinical chemistries 
included: cholesterol, HDL, triglycerides, alkaline phosphatase, gamma glutamyl 
transferase (GGT), aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), total and direct bilirubin. Medical surveillance da.ta from 1995, 1997, and 
2000 were analyzed using multivariable regression. The plants were analyzed 
using 3 subcohorts that included those who participated in 2 or more medical 
exams between 1995 and 2000. A total of 175 male employees voluntarily 
participated in the 2000 surveillance and at least one other. Only 41 employees 
were participants in all 3 surveillance periods. 

When mean serum PFOA levels were compared by surveillance year, PFOA levels 
in the employees participating in medical surveillance at the Antwerp plant 
increased between 1994/95 and 1997 and then decreased slightly between 1997 
and 2000. At the Decatur plant, PFOA serum levels decreased between 1994/95 
and 1997 and then increased between 1997 and 2000. When analyzed using 
mixed model multivariable regression and combining Antwerp and Decatur 
employees, there was a statistically significant positive association between PFOA 
and serum cholesterol (p = .0008) and triglycerides (p = .0002) over time. When 
analyzed by rl::int ::ind also by subcohort, these associations were limited to the 
Antwerp employees (p = .005) and, in particular, the 21 Antwerp employees who 
participated in all 3 surveillance years (p = .001). However, the association between 
PFOA and triglycerides was also statistically significant (p = .02) for the subgroup in 
which employees participated in biomonitoring in 1994/95 and 2000. There was not 
a significant association between PFOA and triglycerides among Decatur workers. 
There were no significant associations between PFOA and changes over time in 
HDL, alkaline phosphatase, GGT, AST, ALT, total bilirubin, and direct bilirubin. 

There are several limitations to the 2000 cross-sectional and longitudinal studies 
including: 1) serum PFOA levels were significantly higher at the Decatur plant than 
at the Antwerp plant, 2) all participants were volunteers, 3) there were several 
consistent differences in clinical chemistry profiles and demographics between 
employees of the Decatur and Antwerp plants (Antwerp employees as compared to 
Decatur employees had lower PFOA serum levels, were younger, had lower BMls, 
Viorkt:d f~vver )' t:Cii'$ 1 haU h~gher ah;uhui t,;un:surnµtiun, hiyiH::H mean HDL and 
bilirubin values, lower mean triglyceride, alkaline phosphatase, GGT, AST, and ALT 
values, and mean thyroid hormone values tended to be higher), 4) PFOS and other 
perfluorinated chemicals are also present in these plants, 5) in the cross-sectional 
study, plant populations cannot be compared because they were placed into 
quartiles based on PFOS serum distributions only which were different for each 
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subgroup and not applicable to PFOA, 6) only one measurement at a certain point 
in time was collected for each clinical chemistry test, and 7) PFOA serum levels 
overall have been increasing over time in these employees. In addition, in the 
longitudinal study only a small number of employees participated in all 3 sampling 
periods (24%), different labs and analytical techniques for PFOA were used each 
year, and female employees could not be analyzed because of the small number of 
participants. 

3.3.5 Medical Surveillance Studies from the Cottage Grove Plant 

A voluntary medical surveillance program was offered to employees of the Cottage 
Grove, Minnesota plant in 1993, 1995, and 1997 (n = 111, 80 and 7 4 employees, 
respectively) (Olsen, et al., 1998b, Olsen et al., 2000). The clinical chemistry 
parameters (cholesterol, hepatic enzymes, and lipoprotein levels) used in the 
longitudinal and cross-sectional studies of the Antwerp and Decatur plants were 
also used in this study. In addition, in 1997 only, cholecystokinin-33 (CCK) was also 
measured at the Cottage Grove plant. CCK levels were observed because certain 
research has suggested that pancreas acinar cell adenomas seen in rats exposed 
to PFOA may be the result of increased CCK levels (Obourn, et al., 1997). 

Only male employees involved in PFOA production were included in the study. 
Sixty-eight employees were common to the 1993 and 1995 sampling periods, 21 
were common between 1995 and 1997, and 17 participated in all three surveillance 
years. Mean serum PFOA levels and ranges are provided in Table 2 of the 
Biomonitoring Section of this report. It should be noted that Cottage Grove has the 
highest serum PFOA levels of the 3 plants studied. 

Employees' serum PFOA levels were stratified into 3 categories (<1, 1- <10, and 10 
ppm), chosen to provide a greater number of employees in the 10 ppm category. 
As employees' mean serum PFOA levels increased, no statistically significant 
abnormal liver function tests, hypolipidemia, or cholestasis were observed in any of 
the sampling years. Multivariable regression analyses controlling for potential 
confounders (age, alcohol consumption, BMI, and cigarettes smoked) yielded 
similar results. The authors also reported that renal function, blood glucose, and 
hematology measures were not associated with serum PFOA levels; however, 
these data were not provided in the paper. 

The mean CCK value reported for the 1997 sample was 28.5 pg/ml (range 8.8 -
86.7 pg/ml). The means in the 2 serum categories< 10 ppm were at least 50% 
higher than in the 10 ppm category . A statistically significant (p = .03) negative 
association between mean CCK leve1s·and the 3 PFOA serum categories was 
observed. A scatter plot of the natural log of CCK and PFOA shows that all but 2 
CCK values are within the assay's reference range of 0 - 80 pg/ml. Both of these 
employees (CCK values of 80.5 and 86.7 pg/ml) had serum PFOA levels less than 
10 ppm (0.6 and 5.6 ppm, respectively). A multiple regression model of the natural 
log of CCK and serum PFOA levels continued to display a negative association 
after adjusting for potential confounders. 

The cross-sectional design is a limitation of this study. Only 17 subjects were 
common to all 3 sampling years. In addition, the medical surveillance program is a 
voluntary one. The participation rate of eligible production employees decreased 
from approximately 70% in 1993 to 50% in 1997. Also, the laboratory reference 
range changed substantially for ALT in 1997. Finally, different analytical methods 
were used to measure serum PFOA. Serum PFOA was determined by electrospray 
high-performance liquid chromatography/mass spectrometry in 1997, but by 
ti"1errnospray ln 1993 at1d 1995. 

An earlier medical surveillance study on workers who were employed in the 1980's 
was conducted at the Cottage Grove plant; however, total serum fluorine was 
measured instead of PFOA (Gilliland and Mandel, 1996). Based on animal studies 
that reported that animals exposed to PFOA develop hepatomegaly and alterations 

http://www.epa.gov/oppt/pfoa/pfoara.htm 8/19/2004 



EPA/OPPT: Office of P0J > tion Prevention & Toxics (OPPT): Per ·1orooctanoic Acid( ... Page 23of50 

in lipid metabolism, a cross-sectional, occupational study was performed to 
determine if similar effects are present in workers exposed to PFOA. In a PFOA 
production facility, 115 workers were studied to determine whether serum PFOA 
affected their cholesterol, lipoproteins, and hepatic enzymes. Forty-eight workers 
who were exposed to PFOA from 1985-1989 were included in the study (96% 
participation rate) . Sixty-five employees who either volunteered or were asked to 
participate, were included in the unexposed group. These employees were 
assumed to have little or no PFOA exposure based on their job description. 
However, when serum levels were analyzed, it was noted that this group of workers 
had PFOA levels much greater than the general population. Therefore, instead of 
job categories, total serum fluorine was used to classify workers into exposure 
groups. 

Total serum fluorine was used as a surrogate measure for PFOA. Serum PFOA 
was not measured, due to the cost of analyzing the samples. Blood samples were 
analyzed for total serum fluorine, serum glutamyl oxaloacetic transaminase (SGOT 
or AST), serum glutamyl pyruvic transaminase (SGPT or ALT), gamma glutamyl 
transferase (GGT), cholesterol, low-density lipoproteins (LDL), and high-density 
lipoproteins (HDL). All of the participants were placed into five categories of total 
serum fluorine levels: <1ppm,1-3 ppm, >3 - 10 ppm, >10 -15 ppm, and>" 15 ppm. 
The range of the serum fluorine values was 0 to 26 ppm (mean 3.3 ppm). 
Approximately half of the workers fell into the > 1 - 3 ppm category, while ~3 had 
serum levels < 1 ppm and 11 had levels > 1 O ppm. 

There were no s1ynif1cant differences between exposure categories when analyzed 
using univariate analyses for cholesterol, LDL, and HDL. In the multivariate 
analysis, there was not a significant association between total serum fluorine and 
cholesterol or LDL after adjusting for alcohol consumption, age, BMI, and cigarette 
smoking. Ther.e were no statistically significant differences among the exposure 
categories of total serum fluorine for AST, ALT and GGT. However, increases in 
AST and ALT occurred with increasing total serum fluorine levels in obese workers 
(BMI = 35 kg/m2). This result was not observed when PFOAwas measured directly 
in serum of workers in 1993, 1995, or 1997 surveillance data of employees of the 
Cottage Grove plant (Olsen, et al., 2000). 

Since PFOA was not measured directly and there is no exposure information 
provided on the employees (e.g. length of employment/exposure), the results of the 
study provide limited information. The authors state that no adverse clinical 
outcomes related to PFOA exposure have been observed in these employees; 
however, it is not clear that there has been follow-up of former employees. In 
addition: the range of resu!ts reported fer the !ivcr enzymes v1ere fairly wide for 
many of the exposure categories, indicating variability in the results. Given that only 
one sample was taken from each employee, this is not surprising. It would be much 
more helpful to have several samples taken over time to ensure their reliability. It 
also would have been interesting to compare the results of the workers who were 
known to be exposed to PFOA to those who were originally thought not to be 
exposed to see if there were any differences among the employees in these 
groups. There were more of the "unexposed" employees (n = 65) participating in 
the study than those who worked in PFOA production (n = 48). 

3.4 Prenatal Developmental Toxicity Studies in Animals 

Several prenatal developmental toxicity studies of APFO have been conducted. 
These include two oral studies in rats, one oral study in rabbits, and one inhalation 
study in rats. 

Gartner (1981) administered time-mated Sprague-Dawley rats (22 per group) 
doses of 0, 0.05, 1.5, 5, and 150 mg/kg/day APFO in distilled water by gavage on 
gestation days (GD) 6-15. Doses were adjusted according to body weight. Dams 
were. monitored on GD 3-20 for clinical signs of toxicity. Individual body weights 
were recorded on GD 3, 6, 9, 12, 15, and 20. Animals were sacrificed on GD 20 by 

{l,-<A<J.J 
~-1 'i 
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cervical dislocation and the ovaries, uteri, and contents were examined for the 
number of corpora lutea, number of viable and non-viable fetuses, number of 
resorption sites, and number of implantation sites. Fetuses were weighed and 
sexed and subjected to external gross necropsy. Approximately one-third of the 
fetuses were fixed in Bouin's solution and examined for visceral abnormalities by 
free-hand sectioning. The remaining fetuses were subjected to skeletal examination 
using alizarin red. 

Signs of maternal toxicity consisted of statistically significant reductions in mean 
maternal body weights on GD 9, 12, and 15 at the high-dose group of 150 
mg/kg/day. Mean maternal body weight on GD 20 continued to remain lower than 
controls, although t.he difference was not statistically significant. Other signs of 
maternal toxicity that occurred only at the high-dose group included ataxia and 
death in three rat dams. No other effects were reported. Administration of APFO 
during gestation did not appear to affect the ovaries or reproductive tract of the 
dams. Under the conditions of the study, a NOAEL of 5 mg/kg/day and a LOAEL of 
150 mg/kg/day for maternal toxicity were indicated. 

A significantly higher incidence in fetuses with one missing sternebrae was 
observed at the high-dose group of 150 mg/kg/day; however this skeletal variation 
also occurred in the controls and the other three dose groups (at similar incidence 
but lower than the high-dose group) and therefore was not cons1aered to be 
treatment-related. No significant differences between treated and control groups 
were noted for other developmental parameters that included the mean number of 
males and females, total and dead fetuses, the mean number of resorption sites, 
implantation sites, corpora lutea and mean fetus weights. Likewise, a fetal lens 
finding initially described as a variety of abnormal morphological changes localized 
to the area of the embryonal nucleus, was later determined to be an artifact of the 
free-hand sectioning technique and therefore not considered to be treatment­
related. Under the conditions of the study, a NOAEL for developmental toxicity of 
150 mg/kg/day (highest dose group) was indicated. 

A second oral prenatal developmental toxicity study was conducted in rabbits 
(Gertner, 1982). Based on the results of a range-finding study, an upper dose level 
of 50 mg/kg/day was set for the definitive study in which four groups of 18 pregnant 
New Zealand White rabbits were administered 0, 1.5, 5, and 50 mg/kg/day APFO in 
distilled water by gavage on gestation days 6-18. Pregnancy was established in 
each sexually mature female by iv injection of pituitary lutenizing hormone in order 
to induce ovulation, followed by artificial insemination with 0.5 ml of pooled semen 
collected from male rabbits; the day of insemination was designated as day 0 of 
aestation. A constant dose volume of 1 ml/ka was administered. Individual bodv 
weights were measured on GD 3, 6, 9, 12, {5, 18, and 29. The does were observed 
daily on GD 3-29 for abnormal clinical signs. On GD 29, the does were euthanized 
and the ovaries, uterus and contents examined for the number of corpora lutea, live 
and dead fetuses, resorptions and implantation sites. Fetuses were examined for 
gross abnormalities and placed in a 370 C incubator for a 24-hour survival check. 
Pups were subsequently euthanized and examined for visceral and skeletal 
abnormalities. 

Signs of maternal toxicity consisted of statistically significant transient reductions in 
body weight gain on GD 6-9 when compared to controls; body weight gains 
returned to control levels on GD 12-29. Administration of APFO during gestation did 
not appear to affect the ovaries or reproductive tract contents of the does. No 
clinical or other treatment-related signs were reported. Under the conditions of the 
study, a NOAEL of 50 mg/kg/day, the highest dose tested, for maternal toxicity was 
:-...J : __ ... _ _. 
ii i:~ •• u~c:H.cu. 

No significant differences were noted between controls and treated groups for the 
number of males and females, dead or live fetuses, and fetal weights. Likewise, 
there were no significant differences reported for the number of resorption and 
implantation sites, corpora lutea, the conception incidence, abortion rate, or the 24-
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hour mortality incidence of the fetuses. Gross necropsy and skeletal/visceral 
examinations were unremarkable. The only sign of developmental toxicity consisted 
of a dose-related increase in a skeletal variation, extra ribs or 13th rib, with 
statistical significance at the high-dose group (38% at 50 mg/kg/day, 30% at 5 
mg/kg/day, 20% at 1.5 mg/kg/day, and 16 % at 0 mg/kg/day). A statistically 
significant increase in 13th ribs-spurred occurred in the mid-dose group of 5 
mg/kg/day; however, the biological significance of this effect is uncertain since in 
both the high- and low-dose groups, this effect occurred at the same rate and was 
not statistically significantly different from controls. Therefore, under the conditions 
of the study, a LOAEL for developmental toxicity of 50 mg/kg/day (highest dose 
group) was indicated. 

Staples et al. (1984) also conducted a developmental toxicity study of APFO. The 
study design consisted of an inhalation and an oral portion, each with two trials or 
experiments. In the first trial the dams were sacrificed on GD 21; while in the 
second trial, the dams were allowed to litter and the pups were sacrificed on day 
35-post partum. For the inhalation portion of the study, the two trials consisted of 12 
pregnant Sprague-Dawley rats per group exposed to 0, 0.1, 1, 10, and 25 mg/m3 
APFO for 6 hours/day, on GD 6-15. In the oral portion of the study, 25 and 12 
Sprague-Dawley rats for the first and second trials, respectively, were administered 
0 and 100 mg/kg/day APFO in corn oil by gavage on GD 6-15. For both routes of 
administration, females were mated on an as-needea basis and when the number 
of mated females was bred, they were ranked within breeding days by body weight 
and assigned to groups by rotation in order of rank. Fincilly, two additional groups 
(six dams per group) were added to each trial that was pair-fed to the 10 and 25 
mg/m3 groups. 

For trial one, the dams were weighed on GD 1, 6, 9, 13, 16, and 21 and observed 
daily for abnormal clinical signs. On GD 21, the dams were sacrificed by cervical 
dislocation and examined for any gross abnormalities, liver weights were record.ed 
and the reproductive status of each animal was evaluated. The ovaries, uterus and 
contents were examined for the number of corpora lutea, live and dead fetuses, 
resorptions and implantation sites. Pups (live and dead) were counted, weighed 
and sexed and examined for external, visceral, and skeletal alterations. The heads 
of all control and high-dosed group fetuses were examined for visceral alterations 
as well as macro- and microscopic evaluation of the eyes. 

For trial two, in which the dams were allowed to litter, the procedure was the same 
as that for trial one up to GD 21 . Two days before the expected day of parturition, 
each dam was housed in an individual cage. The date of parturition was noted and 
designated D::iy 1 PP. Dams were weighed and exam!ned for c!inica! signs on Days 
1, 7, 14, and 22 PP. On Day 23 PP all dams were sacrificed. Pups were counted. ­
weighed, and examined for external alterations. Each pup was subsequently 
weighed and inspected for adverse clinical signs on Days 4, 7, 14, and 22 PP. The 
eyes of the pups were also examined on Days 15 and 17 PP for the inhalation 
portion and on Days 27 and 31 PP for the gavage portion of the study. Pups were 
sacrificed on Day 35 PP and examined for visceral and skeletal alterations. 

In trial one of the inhalation study, treatment-related clinical signs of maternal 
toxicity occurred at 1 O and 25 mg/m3 and consisted of wet abdomens, 
chromodacryorrhea, chromorhinorrhea, a general unkempt appearance, and 
lethargy in four dams at the end of the exposure period (high-concentration group 
only). Three out of 12 dams died during treatment at 25 mg/m3 (on GD 12, 13, and 
17). Food consumption was significantly reduced at both 1 O and 25 mg/m3; 
however, no significant differences were noted between treated and pair-fed 
gi'cups. S iynifi t.;ant rcUuciions ii i body vvcighi vwrerc aisv obser-ied at these 
concentrations, with statistical significance at the high-concentration only . Likewise, 
statistically significant increases in mean liver weights were seen at the high­
concentration group. Under the conditions of the study, a NOAEL and LOAEL for 
maternal toxicity of 1 and 10 mg/m3, respectively, were indicated. 
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No effects were observed on the maintenance of pregnancy or the incidence of 
resorptions. Mean fetal body weights were significantly decreased in the 25-mg/m3 
groups and in the control group pair-fed 25 mg/m3. However, interpretation of the 
decreased fetal body weight is difficult given the high incidence of mortality in the 
dams. Under EPA guidance, data at doses exceeding 10% mortality are generally 
discounted. Under the conditions of the study, a NOAEL and LOAEL for 
developmental toxicity of 10 and 25 mg/m3, respectively, were indicated. 

In trial two of the inhalation study, clinical signs of maternal toxicity seen at 10 and 
25 mg/m3 were similar in type and incidence to those described for trial one. 
Maternal body weight gain during treatment at 25 mg/m3 was less than controls, 
although the difference was not statistically significant. In addition, 2 out of 12 dams 
died during treatment at 25 mg/m3. No other treatment-related effects were 
reported, nor were any adverse effects noted for any of the measurements of 
reproductive performance. Under the conditions of the study, a NOAEL and LOAEL 
for maternal toxicity of 1 and 10 mg/m3, respectively, were indicated. 

Signs of developmental toxicity in this group consisted of statistically significant 
reductions in pup body weight on Day 1 PP (6.1 g at 25 mg/m3 vs. 6.8 g in 
controls). On Days 4 and 22 PP, pup body weights continued to remain lower than 
controls, although the difference was not statistically significant (Day 4 PP: 9.7 g at 
25 mg/m3 vs.10.3 in controls; Day 22 PP: 49.0 g at 25 mg/m3 vs. 50.1 in controls). 
No significant effects were reported following external examination of the pups or 
with ophthalmoscopic examination of the eyes. Again, interpretation of these effects 
is problematic given the high incidence of maternal mortality. Under the conditions 
of the study, a NOAEL and LOAEL for developmental toxicity of 10 and 25 mg/m3, 
respectively, were indicated. 

In trial one of the oral study, three out of 25 dams died during treatment of 100 
mg/kg APFO during gestation (one death on GD 11; two on GD 12). Clinical signs 
of maternal toxicity in the dams that died were similar to those seen with inhalation 
exposure. Food consumption and body weights were reduced in treated animals 
compared to controls. No adverse signs of toxicity were noted for any of the 
reproductive parameters such as maintenance of pregnancy or incidence of 
resorptions. Likewise, no significant differences between treated and control groups 
were noted for fetal weights, or in the incidences of malformations and variations; 
nor were there any effects noted following microscopic examination of the eyes. 

In trial two of the oral study, similar observations for clinical signs were noted for 
the dams as in trial one. Likewise, no adverse effects on reproductive performance 
or !n any of the feta! observations \~ere noted. 

3.5 Reproductive Toxicity Studies in Animals 

York (2002) conducted an oral two-generation reproductive toxicity study of APFO, 
which is summarized below. Although this preliminary risk assessment focuses on 
developmental toxicity, the summary below of the two generation reproductive 
toxicity study includes all endpoints. 

Five groups of 30 Sprague-Dawley rats per sex per dose group were administered 
APFO by gavage at doses of 0, 1, 3, 10, and 30 mg/kg/day six weeks prior to and 
during mating . Treatment of the FO male rats continued until mating was confirmed, 
and treatment of the FO female rats continued throughout gestation, parturition, and 
lactation. 

The FO animais were examined twice ciaiiy for ciinicai signs, abortions, premature 
deliveries, and deaths. Body weights of FO male rats were recorded weekly during 
the dosage period and then on the day of sacrifice. Body weights of FO female rats 
were recorded weekly during the pre- and cohabitation periods and then on 
gestation days (GD) 0, 7, 10, 14, 18, 21, and 25 (if necessary) and on lactation 
days (LO) 1, 5, 8, 11, 15, and 22 (terminal body weight). Food consumption values 
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in FO male rats were recorded weekly during the treatment period, while in FO 
female rats, values were recorded weekly during the precohabitation period, on 
GDs 0, 7, 10, 14, 18, 21, and 25 and on LDs 1, 5, 8, 11, and 15. 

Estrous cycling was evaluated daily by examination of vaginal cytology beginning 
21 days before the scheduled cohabitation period and continuing until confirmation _ 
of mating by the presence of sperm in a vaginal smear or confirmation of a 
copulatory plug. On the day of scheduled sacrifice, the stage of the estrous cycle 
was assessed. 

For mating, one male rat and one female rat per group were cohabitated for a 
maximum of 14 days. Female rats with evidence of sperm in a vaginal smear or 
copulatory plug were designated as GD 0 and assigned to individual housing. 
Parental females were evaluated for length of gestation, fertility index, gestation 
index, number and sex of offspring per litter, number of implantation sites, general 
condition of the dam and litter during the postpartum period, litter size and viability, 
viability index, lactation index, percent survival, and sex ratio. Maternal behavior of 
the dams was recorded on LDs 1, 5, 8, 15, and 22. 

FO generation animals were sacrificed by carbon dioxide asphyxiation (day 106 to 
11 O of the study for male rats, Le., after completion of the cohabitation period; and 
LO 22 for female rats), necropsied, and examined for gross lesiuns. Gross 
necropsy included examination of external surfaces and orifices, as well as internal 
examincition of tissues and organs. Individual organs were weighed and organ-to­
body weight and organ-to-brain weight ratios were calculated for the brain, kidneys, 
spleen, ovaries, testes, thymus, liver, adrenal glands, pituitary, uterus with oviducts 
and cervix, left epididymis (whole and cauda), right epididymis, prostate and 
seminal vesicles, (with coagulating glands and with and without fluid). Tissues 
retained in neutral buffered 10% formalin for possible histological evaluation 
included the pituitary, adrenal glands, vagina, uterus, with oviducts, cervix and 
ovaries, right testis, seminal vesicles, right epididymis, and prostate. Histological 
examination was performed on tissues from 10 randomly selected rats per sex from 
the control and high dosage groups. All gross lesions were examined histologically. 
All FO generation rats that died or appeared moribund were also examined. 

Histological examination of the reproductive organs in the low- and mid-dose 
groups was conducted in rats that exhibited reduced fertility by either failing to 
mate, conceive, sire, or deliver healthy offspring; or for which estrous cyclicity or 
sperm number, motility, or morphology were altered. Sperm number, motility, and 
morphology were evaluated in the left cauda epididymis of FO generation male rats; 
testicular spermat!d concentrations were evaluated in the !eft testis. The number 
and distribution of implantation sites were recorded in FO generation female rats. 
Rats that did not deliver a litter were sacrificed on GD 25 and examined for 
pregnancy status. Uteri of apparently nonpregnant rats were examined to confirm 

-the absence of implantation sites. A gross necropsy of the thoracic, abdominal and 
pelvic viscera was performed. Female rats without a confirmed mating date that did 
not deliver a litter were sacrificed on an estimated day 25 of gestation. 

At scheduled sacrifice, after completion of the cohabitation period in FO male rats 
and on LD 22 in FO female rats, blood samples (10 males and 10 females each for 
the 10 and 30 mg/kg/day dose groups; 3 males and 3 females for the control group) 
were collected and frozen for future analysis. The methods section cites that liver 
samples were also collected, but no other details were provided and the results did 
not appear to be available at the time of the report. 

i ht: F·i gene•aiiun pups in each iiticr v~ere t;Uunicd c..H1ce:: daiiy. The iitier sizes vwere 
not standardized on day 4. Physical signs (including variations from expected 
lactation behavior and gross external physical anomalies) were recorded for the 
pups each day. Pup body weights were recorded on LDs 1, 5, 8, 15 and 22. On LD 
12, all F1 generation male pups were examined for the presence of nipples. Pups 
that died before examination of the litter for pup viability on LO 1 were evaluated for 
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vital status at birth . Pups found dead on LDs 2 to 22 were examined for gross 
lesions and for the cause of death. All F1 generation rats were weaned on LD 22 
based on observed growth and viability of these pups. 

At weaning (LD 22), two F1 generation pups per sex per litter per group (60 male 
and 60 female pups per group) were selected for continued evaluation, resulting in 
600 total rats (300 rats per sex) assigned to the five dosage groups. At least two 
male pups and two female pups per litter, when possible, were selected. F1 
generation pups not selected for continued observation for sexual maturation were 
sacrificed . Three pups per sex per litter were examined for gross lesions. Necropsy 
included a single cross-section of the head at the level of the frontal-parietal suture 
and examination of the cross-sectioned brain for apparent hydrocephaly. The brain, 
spleen and thymus from one of the three selected pups per sex per litter were 
weighed and the brain, spleen, and thymus from the three selected pups per sex 
per litter were retained for possible histological evaluation. All remaining pups were 
discarded without further examination. 

The F1 generation rats were given the same dosage level of the test substance and 
in the same manner as their respective FO generation sires and dams. Dosages 
were given once daily, beginning at weaning and continuing until the day before 
sacrifice. F1 generation female rats were examined for age of vaginal patency, 
beginning on day 28 postpartum (LD 28). F1 yeneratiOi 1 mai~ rats were evaluat.::d 
for age of preputial separation, beginning on day 39 postpartum (LO 39). Body 
weights were recorded when rats reached sexual maturation. 

Following sexual maturation, a table of random units was used to select one m'aie 
and one female per litter per group for continuation through mating to produce the 
F2 generation. The remaining F1 animals were sacrificed. 

Estrous cycling was evaluated daily by examination of vaginal cytology beginning 
21 days before the scheduled cohabitation period and continuing until confirmation 
of mating by the presence of sperm in a vaginal smear or confirmation of a 
copulatory plug. On the day of scheduled sacrifice, the stage of the estrous cycle 
was assessed. · 

A table of random units was used to assign F1 generation rats to cohabitation, one 
male rat per female rat. If random assignment to cohabitation resulted in the pairing 
of F1 generation siblings, an alternate assignment was made. The cohabitation 
period consisted of a maximum of 14 days. 

Body weights of the F1 generation male rats were recorded weekly during the 
postweaning period and on the day oi sacrifice. Body weights of the F1 generation 
female rats were recorded weekly during the postweaning period to cohabitation, 
and on GDs 0, 7, 10, 14, 18, 21 and 25 (if necessary) and on LDs 1, 5, 8, 11, 15 
and 22. Food consumption values for the F1 generation male rats were recorded 
weekly during the dosage period. Food consumption values for the F1 generation 
female rats were recorded weekly during the postweaning period to cohabitation, 
on GDs 0, 7, 10, 14, 18, 21and25 and on LDs 1, 5, 8, 11and15. Because pups 
begin to consume maternal food on or about LD 15, food consumption values were 
not tabulated after LD 15. · 

At scheduled sacrifice, the F1 animals were subjected to gross necropsy, and 
selected organs were weighed and examined histologically as described above for 
the FO animals. Sperm analyses were also conducted as described for the FO 
animals. 

F2 generation litters were examined after delivery to identify the number and sex of 
pups, stillbirths, live births and gross alterations. Each litter was evaluated for 
viability at least twice each day of the 22-day postpartum period. Dead pups 
observed at these times were removed from the nesting box. Anogenital distance 
was measured for all live F2 generation pups on LDs 1 and 22. 
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Parental Males (FO) 

One FO male rat in the 30 mg/kg/day dose group was sacrificed on day 45 of the 
study due to adverse clinical signs (emaciation, cold-to-touch, and decreased motor 
activity). Necroscopic examination in that animal revealed a pale and tan liver, and 
red testes. All other FO generation male rats survived to scheduled sacrifice. 
Statistically significant increases in clinical signs were also observed in male rats in 
the high-dose group that included dehydration, urine-stained abdominal fur, and 
ungroomed coat. 

Significant reductions in body weight and body weight gain were reported for most 
of the dosage period and continuing until termination of the study in the 3, 10, and 
30 mg/kg/day dose groups. Absolute food consumption values were also 
significantly reduced during these periods at the 30 mg/kg/day dose group, while 
significant increases in relative food consumption values were observed in the 3, 
10, and 30 mg/kg/day within those same periods. 

No treatment-relqted effects were reported at any dose level for any of the mating 
· and fertility parameters assessed, including numbers of days to inseminate, 

numbers of rats that mated, fertility index, numbers of rats with confirmed mating 
dates during the first and sewnd week of cohabitation, and numbers of pregnant 
rats per rats in cohabitation. At necropsy, none of the sperm parameters- evaluated 
(sperm number, motility, or morphology) were affected by treatment at any dose 
level. 

At necropsy, statistically significant reductions in terminal body weights were seen 
at 3, 10, and 30 mg/kg/day. Absolute weights of the left and right epididymides, left 
cauda epididymis, seminal vesicles (with and without fluid), prostate, pituitary, left 
and right adrenals, spleen, and thymus were also significantly reduced at 30 
mg/kg/day. The absolute weight of the seminal vesicles without fluid was 
significantly reduced in the 10 mg/kg/day dose group. The absolute weight of the 
liver was significantly increased in all dose-groups. Kidney weights were 
significantly increased in the 1, 3, and 1 O mg/kg/day dose groups, but significantly 
decreased in the 30 mg/kg/day group. All organ weight-to-terminal body weight and 
ratios were significantly increased in all treated groups. Organ weight-to-brain 
weight ratios were significantly reduced for some organs at the high dose group, 
and significantly increased for other organs among all treated groups. 

No treatment-related effects were seen at necropsy or upon microscopic 
examination of the reproductive org~n~ . with the exception of increased thickness 
and prominence of the zona glomerulosa and vacuolation of the cells of the adrenal 
cortex in the 10 and 30 mg/kg/day dose groups. 

Serum analysis for the FO generation males sampled at the end of cohabitation 
showed that PFOA was present in all samples tested, including controls. Control 
males had an average concentration of 0.0344+ 0.0148 ppm PFOA. Levels of 
PFOA found in male sera remained the same between the two dose groups; 
treated males had 51 .1+9.30 and 45.3+12.6 ppm, respectively for the 10 and 30 
mg/kg/day dose groups. 

Parental Females (FO) 

No treatment-related deaths or adverse clinical signs were reported in parental 
females at any dose level. No treatment-related effects were reported for body 
welgi-itS, body ~~edgi;t gains, d(1d abschJ te and ft! iative food (;Onsun1plion vCJiUt;~ . 

There were no treatment-related effects on estrous cyclicity, mating or fertility 
parameters. None of the natural delivery and litter observations were affected by 
treatment, that is, the numbers of dams delivering litters, the duration of gestation, 
the averages for implantation sites per delivered litter, the gestation index (number 
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of dams with one or more liveborn pups/number of pregnant rats), the numbers of 
dams with stillborn pups, dams with all pups dying, liveborn and stillborn pups 
viability index, pup sex ratios, and mean birth weights were comparable to controls 
among all treated groups. 

Necropsy and histopathological evaluation were also unremarkable. Terminal body 
weights, organ weights, and organ-to-terminal body weight ratios were comparable 
to control values for all treated groups, except for kidney and liver weights. The 
weights of the left and right kidney, and the ratios of these organ weights-to­
terminal body weight and of the left kidney weight-to-brain weight were significantly 
reduced at the highest dose of 30 mg/kg/day. The ratio of liver weights-to-terminal 
body weight was also significantly reduced at 3 and 1 O mg/kg/day. 

Results of the serum analysis in FO generation females sampled on LO 22 .showed 
that PFOA was present in all samples tested, except in controls where the level 
was below the limits of quantitation (0.00528 ppm). Levels of PFOA found in female 
sera increased between the two dose groups; treated females had an average 
concentration of 0.37+0.0805 and 1.02+0.425 ppm, respectively for the 10 and 30 
mg/kg/day dose groups. 

F1 Generation 

No effects were reported at any dose level for the viability and lactation indices. No 
differences between treated and control groups were noted for the numbers of pups 
surviving per litter, the percentage of male pups, litter size and average pup body 
weight per litter at birth. At 30 mg/kgiday, one pup from one dam died prior to 
weaning on lactation day 1 (LD1 ). Additionally, on lactation days 6 and 8, 
statistically significant increases in the numbers of pups found dead were observed 
at 3 and 30 mg/kg/day. According to the study authors, this was not considered to 
be treatment related because they did not occur in a dose-related manner and did 
not appear to affect any other measures of pup viability including numbers of 
surviving pups per litter and live litter size at weighing. An independent statistical 
analysis was conducted by US EPA (2002b). No significant differences were 
observed between dose groups and the response did not have any trend in dose. 

Pup body weight on a per litter basis (sexes combined) was reduced throughout 
lactation in the 30 mg/kg/day group, and statistical significance was achieved on 
days 1, 5, and 8. Of the pups necropsied at weaning, no statistically significant, 
treatment-related differences were observed for the weights of the brain, spleen 
and thymus and the ratios of these organ weights to the terminal body weight and 
brain weight. 

F1 Males 

Significant increases in treatment-related deaths (5/60 animals} were reported in F1 
males in the high dose group of 30 mg/kg/day between days 2-4 postweaning. One 
rat was moribund sacrificed on day 39 postweaning and another was found dead 
on day 107 postweaning. 

Statistically significant increases in clinical signs of toxicity were also observed in 
F1 males during most of entire postweaning period. These-signs included an · 
increased incidence of annular constriction of the tail at all doses, with statistical 
significance at the 1, 10, and 30 mg/kg/day; a significant increase at 10 and 30 
mg/kg/day in the number of male rats that were emaciated; and a significant 
increase in the incidence of urine-stained abdominal fur, decreased motor activity, 
and abdomir;a~ distentiori at 30 mg!kg/doy. 

Body weights and body weight gains were statistically significantly reduced prior to 
and during cohabitation and during the entire dosing period in all treated groups. 
Statistically significant reductions in body weights were observed at 10 and 30 
mg/kg/day during days 8-15, 22-29, 29-36, 43-50, and 50-57 postweaning. Body 

http://www.epa.gov/ oppt/pfoa/pfoara.htm 8/19/2004 



EPA/OPPT: Office of PoJ 111tion Prevention & Toxics (OPPT): PerfJuorooctanoic Acid( ... Page 31 of 50 
/ 

weight gains were also significantly reduced in the 30 mg/kg/day group on days 1-
8, 15-22, 36-43, 57-64, and 64-70 postweaning. Statistically significant, dose­
related reductions in body weight gains were observed for the entire dosage period 
(days 1-113 postweaning). Absolute food consumption values were significantly 
reduced at 1 O and 30 mg/kg/day during the entire precohabitation period (days 1-
70 postweaning), while relative food consumption values were significantly 
increased. 

Statistically significant (p< 0.01) delays in sexual maturation (the average day of 
preputial separation) were observed in high-dose animals versus concurrent 
controls (52.2 days of age versus 48.5 days of age, respectively). 

No apparent effects were observed on any of the mating or fertility parame~ers 
including fertility and pregnancy indices (number of pregnancies per number of rats 
that mated and rats in cohabitation, respectively), the number of days to 
inseminate, the number of rats that mated, and the number of rats with confirmed 
mating dates during the first week. No statistically significant, treatment-related 
effects were observed on any of the sperm parameters (motility, concentration, or 
morphology). 

Necroscopic examination revealed statistically significant treatment-related effects 
at 3, 10, and 30 mg/kg/day ranging from tan areas in the iaterai and median lobes 
of the liver to moderate to slight dilation of the pelvis of one or both kidneys. 

Statistically significant, dose-related decreases in terminal body weights of parental 
F1 males were observed in the 1,3, 10, and 30 mg/kg/day dose groups. The 
absolute weights of the liver were significantly increased and the absolute weights 
of the spleen were significantly decreased at all treated groups. The absolute 
weights of the left and/or right kidneys were significantly increased in the 1 and 3 
mg/kg/day dose groups and significantly decreased in the 30 mg/kg/day dose 
group. The absolute weight of the thymus was also significantly decreased in the 
10 and 30 mg/kg/day dose groups. The absolute weight of the prostate, brain and 
left adrenal gland were significantly decreased in the 30 mg/kg/day dosage group. 
The ratios of the weights of the seminal vesicles, with and without fluid, liver and 
left and right kidneys to the terminal body weights were significantly increased in all 
treated groups. The ratios of the weights of the left testis, with and without the 
tunica albuginea and the right testis to the terminal body weight, were significantly 
increased at 3 mg/kg/day and higher. The ratios of the weights of the left 
epididymis, left cauda epididymis, right epididymis and brain to the terminal body 
weight were significantly increased at 10 mg/kg/day and higher. The ratios of the 
weight of the seminal vesicles with fluid to the brain weight were increased at 1 
mg/kg/day and higher, with statistical significance at 1 and 10 mg/kg/day. The 
ratios of the liver weight-to-brain weight were significantly increased in the 1 
mg/kg/day and higher dosage groups, and the ratios of the left and right kidney 
weights-to-brain weight were significantly increased in all treated groups. The ratios 
of the spleen weight-to-brain weight were significantly decreased at 1 mg/kg/day 
and higher, and the ratios of the thymus weight-to-brain weight were significantly 
decreased at 1 O and 30 mg/kg/day. The ratios of the left and right testes weight-to­
brain weight were increased in the 3 mg/kg/day and higher dosage groups. These 
ratios were significantly increased at 10 mg/kg/day (right testis only) and 30 
mg/kg/day. 

Histopathofogic examination of the reproductive organs was unremarkable; 
however, treatment-related microscopic changes were observed in the adrenal 
glands of high-dose animals (cytoplasmic hypertrophy and vacuolation of the cells 
cf the adrcrio: cortex) srid iii the Hv·cr of aiilrnais tr~ated -..·.r:u-i 3, 10, and 30 
mg/kg/day (hepatocellular hypertrophy). No other treatment-related effects were 
reported . 

F1 Females 
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A statistically significant increase in treatment-related mortality (6/60 animals) was 
observed in F1 females on postweaning days 2-8 at the highest dose of 30 
mg/kg/day. No adverse clinical signs of treatment-related toxicity were reported for 
any dose level during any time of the study period. 

Statistically significant decreases in body weights and body weight gains were 
observed in high-dose animals on days 8, 15, 22, 29, 50, and 57 postweaning, 
during precohabitation (recorded on the day cohabitation began, when F1 
generation rats were 92-106 days of age), and during gestation and lactation. 
Statistically significant decreases in absolute food consumption were observed 
during days 1-8, 8-15 postweaning, during precohabitation and during gestation 
and lactation in animals treated with 30 mg/kg/day. Relative food consumption 
values were comparable across all treated groups. 

Statistically significant (p< 0.01) delays in sexual maturation (the average day of 
vaginal patency) were observed in high-dose animals versus concurrent controls 
(36.6 days of age versus 34.9 days of age, respectively). 

Prior to mating, the study authors noted a statistically significant increase in the 
average numbers of estrous stages per 21 days in high-dose animals (5.4 versus 
4. 7 in controls). For this calculation, the number of independent occurrences of 
estrus in the 21 days of observation was determined. This type of caicuiation can 
be used as a screen for effects on the estrous cycle, but a more detailed analysis 
should then be conducted to determine whether there is truly an effect. 3M 
Company (2002) recently completed an analysis that showed there were no effects 
on the estrous cycle; there were no differences in the number of females with > 3 
days of estrus or with > 4 days of diestrus in the control and high dose groups. 
Analyses conducted by the US EPA (2002a) also demonstrated that there were no 
differences in the estrous cycle among the control and high dose groups. The 
cycles were evaluated as having either regular 4-5 day cycles, uneven cycling 
{defined as brief periods with irregular pattern) or periods of prolonged diestrus 
(defined as 4-6 day diestrus periods) extended estrus (defined as 3 or 4 days of 
cornified smears), possibly pseudopregnant, (defined as 6-greater days of 
leukocytes) or persistent estrus (defined as 5-or greater days of cornified smears). 
The two groups were not different in any of the parameters measured. Thus, the 
increase in the number of estrous stages per 21 days that was noted by the study 
authors is due to the way in which the calculation was done, and is not biologically 
meaningful. 

No effects on any of the mating and fertility parameters (numbers of days in 
cohabitation . numbers of rats that mated fertilitv index rats with confirmed matino 
dates during. the first week of cohabitation and ~umber' of rats pregnant per rat~ ·i; 
cohabitation). 

All natural delivery observations were unaffected by treatment at any dose level. 
Numbers of dams delivering litters, the duration of gestation, averages for 
implantation sites per delivered litter, the gestation index (number of dams with one 
or more liveborn pups/number of pregnant rats), the numbers of dams with stillborn 
pups, dams with all pups dying and liveborn and stillborn pups were comparable 
among treated and control groups. 

No treatment-related effects were observed on terminal body weights. The absolute 
weight of the pituitary and the ratios of the pituitary weight-to-terminal body weight 
and to the brain weight were significantly decreased at 3 mg/kg/day and higher, but 
did not show a dose-response. No other differences were reported for the absolute 
vveigl-.ts or fatios for oti-n::r organs evaiuat6d. r~o treatrn6nt-rt:;iCHEid effects Vier8 

reported following necroscopic and histopathologic examinations. 

F2 Generation 

No treatment-related adverse clinical signs were observed at any dose level. 
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Likewise, no treatment-related effects were reported following necroscopic 
examination, with the exception of no milk in the stomach of the pups that were 
found dead. The total number of pups found either dead or stillborn did not show a 
dose-response (3/28, 6/28, 10/28, 10/28, and 6/28 in 0, 1, 3, 10, and 30 mg/kg/day 
dose groups, respectively; ratios refer to total pups/total number of litters) and 
therefore were unlikely related to treatment. 

No effects were reported at any dose level for the viability and lactation indices. No 
differences between treated and control groups were noted for the numbers of pups 
surviving per litter, the percentage of male pups, litter size and average pup body 
weight per litter when measured on LDs 1, 5, 8, 15,or 22. Anogenital distances 
measured for F2 male and female pups on LDs 1 and 22 were also comparable 
among the five dosage groups and did not differ significantly. • 

Statistically significant increases (p< 0.01) in the number of pups found dead were 
observed on lactation day 1 in the 3 and 10 mg/kg/day groups. According to the 
study authors, this was not considered to be treatment related because they did not 
occur in a dose-related manner and did not appear to affect any other measures of 
pup viability including numbers of surviving pups per litter and live litter size at 
weighing . An independent statistical analysis was conducted by US EPA (2002b). 
No significant differences were observed between dose groups and the response 
did not have any trend in dose'. 

Terminal body weights in F2 pups were not significantly different from controls. 
Absolute weights of the brain, spleen and thymus and the ratios of these organ 
weights-to-terminal body weight and to brain weight were also comparable among 
treated and control groups. ' 

Conclusions 

Dosing with APFO at 30 mg/kg/day appeared to Q.elay the onset of sexual 
1'!:!9turation in both male and female F1 offspring. The authors of the study contend 
ttiat the delays in sexual maturation (preputial separation or vaginal patency) 
observed in high-dose animals are due to the fact that these animals have a 
decreased gestational age, a variable which they have defined as the time in days 
from evidence of mating in the FO generation until evidence of sexual maturation in 
the F1 generation. The authors state that gestational age appeared to be 
decreased in high-dose animals at the time of acquisition (the time when sexual 
maturation was reached), which they believe meant the animals in that group were 
younger and more immature than the control group, in which there was no 
significant difference in sexual maturation. 

In order to test this hypothesis, the authors covaried separately the decreases in 
body weight and in gestational age with the delays in sexual maturation in order to 
determine whether or not body weights and gestational age were a contributing 
factor. When the body weight was covaried with the time to sexual maturation, the 
time to sexual maturation showed a dose related delay that was statistically 
significant at the p< 0.05. This suggests that the delay in sexual maturation was 
partly related to body weight, but not entirely. When gestational age was covaried 
with the time to sexual maturation, there was no significant difference in the time of 
onset of sexual maturation between controls and high-dose animals. This indicates 
that the effect of delayed sexual maturation could possibly be attributed to 
decreased gestational age. 

While it is known and commonly accepted that changes in the body weights of 
cffsprtng c~n Gffe~t the t:mo tc sexu~ i m~turatici!, ~§.~he! Q_~ not gestationa? age, 
a..§._Qefined by the authors, also affects the time of sexual maturation is purely 
speculative, especially since t11e1e were no data provided by the authors to support 
tliTs reiarronship. Additionally, covaring gestational age with time to sexual 
maturation is problematic from a statistical standpoint. Since there was no 
significant change in the length of gestation at 30 mg/kg/day, based on the authors' 
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definition of 'gestational age', the decreases in gestational age would have to be 
due mostly to changes in time to sexual maturation. Therefore, sexual maturation is 
essentially being covaried with itself. Still, even if a relationship between gestational 
age and time to sexual maturation were shown, it merely offers an explanation for 
the observed delays in sexual maturation in high-dose animals, but does not 
diminish its significance. 

Therefore, under the conditions of the study, the LOAEL for FO parental males is 
considered to be 1 mg/kg/day, the lowest dose tested, based on significant 
increases in the liver and kidney weights-to-terminal body weight and to brain 
weight ratios. A NOAEL for the FO parental males could not be determined since 
treatment-related effects were seen at all doses tested. 

The NOAEL and LOAEL for FO parental females are considered to be 10 and 30 
mg/kg/day, respectively, based on significant reductions in kidney weight and 
kidney weight-to-terminal body weight and to brain weight ratios observed at the 
highest dose. 

The LOAEL for F1 generation males is considered to be 1 mg/kg/day, based on 
significant, dose-related decreases in body weights and body weight gains 
(observed prior to and during cohabitation and during the entire dosing period), and 
:r. terminal body weights; and significant changes in absolute liver and spleen 
weights and in the ratios of liver, kidney, and spleen weights-to-brain weights. A 
NOAEL for the F1 males could not be determined since treatment-related effects 
were seen at all doses tested. 

The NOAEL and LOAEL for F1 generation females are considered to be 10 and 30 
mg/kg/day, respectively, based on statistically significant increases in postweaning 
mortality, delays in sexual maturation (time to vaginal patency), decreases in body 
weight and body weight gains, and decreases in absolute food consumption, all 
observed at the highest dose tested. 

The NOAEL for the F2 generation offspring was considered to be 30 mg/kg/day. No 
treatment-related effects were observed at any doses tested in the study. However, 
it should be noted that the F2 pups were sacrificed at weaning, and thus it was not 
possible to ascertain the potential post-weaning effects that were noted in the F1 
generation. 

It is important to note that the LOAELs and NOAELs summarized above are for the 
entire duration of the study, and therefore represent effects resulting from 
developmental and/or adult exposures. These effect !evels differ from those 
described in section 5.1. The LOAELs and NOAELs described in section 5.1 only 
refer to effects resulting from developmental exposures. 

4.0 Exposure Characterization 

PFOA has been detected in human serum of workers occupationally exposed to 
APFO, and it has also been measured in the general population. In general the 
levels in the general population are much lower than in the workers. However, it 
should be noted that the highest levels reported to date in the general population 
are similar to some of the lowest levels in workers exposed to PFOA 
occupationally. It is not known what the environmental concentrations of APFO are 
or the pathways of exposure to the general population. 

4.1 Occupational exposures 

3M has been offering voluntary medical surveillance to workers at plants that 
produce or use perfluorinated compounds since 1976. Serum PFOA levels have 
been measured and reported since 1993. Prior to this time, only total organic 
fluorine was measured . The results of biomonitoring for PFOA have been reported 
for 3 plants: Cottage Grove, MN; Decatur, AL and Antwerp, Belgium. Surveillance 
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years include 1993, 1995, 1997, 1998, and 2000, although not all of the plants 
offered surveillance in all of these years. The 1998 data reported for the Decatur 
plant consist of a random sample of employees; however, volunteers participated in 
all of the other sampling periods for all of the plants. The results of these studies 
are summarized in Table 2. 

Table 2. Summary of Occupational Exposures (ppm) 

I Plant ,, Arithmetic 

I Range I Geometric I 95%CI I Mean Mean 

Cottage 
Grove 

6.4 0.1-81.3 NA NA 

1997 (n =7 4) 6.8 0-114.1 NA NA 

1995 (n = 80) 5.0 0 - 80.0 NA NA 

1993 (n = 
111) 

Decatur 
2000 (n = 
263) 

1.78 0.04 - 12.7 0,99 -1 .3 1998 (n = 
1.54 0.02 - 6.76 

1.13 
0.72-1 .12 126) 

1.57 NA 0.9 NA 1997(n= 
1.46 NA NA 

NA 126) NA 
1995 (n = 90) 

Antwerp B 2000 (n = 
0.84 0.01 - 7.04 0.33 258) 
1.13 0 - 13.2 NA 1995 (n = 93) 

. 

Building 236 10.106 1~10053 I~ 2000 (n = 45) 0.668 . 0.076 

Mean serum PFOA levels have increased slightly at both the Cottage Grove and 
Decatur plants since 1993. Workers at the Cottaae Grove olant. where PFOA 
exposures are highest, have the highest PFOA serum.levels. The latest sample 
was in 1997 (Olsen, et al., 1998b). The mean serum PFOA level was 6.4 ppm 
(range = 0.1 - 81.3 ppm). Only 74 employees participated in the 1997 surveillance. 
The eligible voluntary participation rates ranged from approximately 50% in 1997 to 
70% in 1993. 

' At the Decatur plant, 263 of 500 employees participated in 2000 (Olsen, et al., 
2001 a). The mean serum PFOA level was 1. 78 ppm. It was higher in males (n = 
215) than females (n = 48), 1.90 and 1.23 ppm, respectively. In addition, male 
production employees had higher mean serum levels (2.34 ppm). Five employees 
had serum levels greater than 5 ppm, the Biological Limit Value established by the 
3M Exposure Guideline Committee. Cell operators had the largest increase in 
serum PFOA between 1998 and 2000. The highest level was in a chemical 
operator on the Scotchgard team (12.70 ppm). The mean level for the rest of the 
members cf thG team ~tvas 5.06 ppm (raiig~ 5 - 8 ppm). Other job categories did not 
exhibit such a large increase. 3M reports that this is due to increased PFOA 
production at the Decatur plant beginning in 1999. Serum PFOA levels for the 
Antwerp plant are lower than at Decatur or Cottage Grove, and have decreased 
slightly since 1995 (Olsen , et al., 2001 b). Participation in medical surveillance at the 
Antwerp plant was the highest it had ever been in 2000 (258 volunteers out of 340 
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workers). The mean serum PFOA level was 0.84 ppm, and the highest serum level 
reported was 7.04 ppm. As in the Decatur plant, males (n = 209) had higher mean 
serum PFOA levels (1.03 ppm) than females (n = 49, 0.07 ppm). Three employees 
had levels greater than 5 ppm. 

3M's Specialty Materials Manufacturing Division Laboratories, where employees 
perform fluorochemical research (Building 236), conducted voluntary biomonitoring 
of 45 employees in 2000 (Olsen, et al., 2001c). The mean PFOA serum level was 
0.106 ppm (range 0.008 - 0.668 ppm). 

4.2 Non-occupational Exposures 

Serum PFOA levels in corporate staff and managers at a 3M plant in St. Paul, MN, 
where occupational exposure to PFOA should not have occurred, were reported 
(3M Report, 1999). Four of 31 employees had serum PFOA levels greater than the 
detection limit of 10 ppb. The mean for these employees was 12.5 ppb. 

4.3 General Population Exposures 

Data on PFOA levels in the general population are very limited. They are very 
recent so that trends over time cannot be established. The mean serum PFOA 
levels are lower in the general population than in workers exposed to PFOA. The 
available data are summarized in Table 3. 

Table 3. Summary of General Population Exposures (ppb) 

I 
Sample 

I 

Arithmetic 
I Range I 

Geometric ~ Mean Mean I 

I Pooled Samples I 
Commerical sources of 

13 181N/A 
IEJ 

blood, 1999 (n = 35 lots) 

Blood banks, 1998 (n = 18 
117* IBINA IEJ 

lots, 340-680 donors) 

I Individual Samples I 
JI ~:~~c~~!e~" ~r~~~\blood 115.6 111.9 - 114.6 II~ · ~ - I -- ~ I' "",, ... ii i',. Jo( " I ..,_, "'"'' -'"'""""' \'' V"""TV I I I""-·"" , .... . .., I 

Elderly (65 - 96 years), 2000 
INA II ~6:1 11

4
·
2 

I[[] (n = 238) 

Children (2 - 12 years), 1995 
15.6 11 ~6~ 1- 11

4
·
9 l[ITJ (n = 598) 

* PFOA detected in about 1/3 of the pooled samples but quantifiable in only 2. 

Pooled blood samples from U.S. blood banks indicate mean PFOA levels of 3 to 17 
ppb (3M Company, Feb. 5, 1999; 3M Company, May 26, 1999). The highest pooled 
sample reported was 22 ppb. Samples were collected in 1998 and 1999. However, 
it cannot be assumed that these levels are generalizable to the U.S. population for 
several reasons: 1) blood donors are a unioue arouo that does not necessarilv 
reflect the U.S. population as a whole, 2) ma~y ~of the blood banks originally ~ 
contacted for possible inclusion in the study declined to participate, 3) only a small 
number of samples have actually been analyzed for PFOA, and 4) no other data 
such as age, sex, or other demographic information are available on the donors. 

http://www.epa.gov I oppt/pfoa/pfoara.htm 8/19/2004 



EPA/OPPT: Office of Po' "-ltion Prevention & Toxics (OPPT): Perf1 .._1orooctanoic Acid( .. . Page 37of50 

Individual blood samples from 3 different age populations were recently analyzed 
for PFOA and other fluorochemicals using high-pressure liquid 
chromatography/electrospray tandem mass spectrometry (HPLC/ESMSMS) 
(Olsen, et al., 2002a, 2002b, 2002c). The studies' participants included adult blood 
donors, an elderly population participating in a prospective study in Seattle, WA, 
and children from 23 states participating in a clinical trial. Overall, the PFOA 
geometric means were similar across all 3 populations (4.6 ppb, 4.2 ppb, and 4.9 
ppb, respectively) . The geometric means and 95% tolerance limits (the exposure 
below which 95% of the population is expected to be found) and their upper bounds 
were comparable across all 3 studies. However, the upper ranges for the children 
and adults were much higher than for the elderly population. It is not clear whether 
this is the result of geographic differences in PFOA levels or some other factor. It 
should be noted that PFOS and PFOA were highly correlated in all three studies (r 
= .63, r = .70, and r = .75) and that PFOA did not meet the criteria for a log normal 
distribution based on the Shapiro-Wilk test in any of the studies. However, the data 
appeared to have a log normal distribution and therefore geometric means were 
calculated. The authors suggest that it may be due to the greater proportion of 
subjects with values less than the lower limit of quantitation (LLOQ); however, only 
12 of the 1481 tota l samples were below the LLOQ. In those instances where a 
sample was measured below the LLOQ, the midpoint between zero and the LLOQ 
was used for calculation of the geometric mean. The details of each study are 
~iovided below. 

Blood samples from 645 U.S. adult blood donors (332 males, 313 females), ages 
20-69, were obtained from six American Red Cross blood banks located in: Los 
Angeles, CA; Minneapolis/St. Paul, MN; Charlotte, NC; Boston, MA; Portland, OR, 
and Hagerstown, MD (Olsen, et al., 2002a). Each blood bank was requested to 
provide approximately 10 samples per 10-year age intervals (20-29, 30-39, etc.) for 
each sex. The only demographic factors known for each donor were age, gender, 
and location. 

The geometric mean serum PFOA level was 4.6 ppb. The range was 
Serum PFOA levels were reported for 238 ( 118 males and 120 females) elderly 
volunteers in Seattle participating in a study designed to examine cognitive function 
in adults aged 65-96 (Olsen, et al., 2002b). Age, gender and number of years' 
residence in Seattle were the only data available on the participants. Most of the 
participants were under the age of 85 and had lived in the Seattle area for over 50 
years. 

The geometric mean of PFOA for all samples was 4.2 ppb (95% Cl, 3.9 - 4.5). The 
range was 1.4 - 16. 7 ppb. Only 5 samples were less than the LLOQ of 1.4 ppb. 
There was no significant (p < .05) difference in geometric means for maies and 
females. In simple linear regression analyses, age was negatively (p < .05) 
associated with PFOA in elderly men and women. In bootstrap analyses, the mean 
of the 95% tolerance limit for PFOA was 9. 7 ppb with an upper 95% confidence 
limit of 11.3 ppb. PFOS and PFOA were highly correlated (r = .75) in this study. 

A sample of 598 children, ages 2-12 years old, participating in a study of group A 
streptococcal infections, was analyzed for serum PFOA levels (Olsen.et al., 2002c). 
The samples were collected in 1994-1995 from children residing in 23 states and 
the District of Columbia. PFOA did not meet the criteria for·a log normal distribution 
based on the Shapiro-Wilk test. The authors suggest that it may be due to the 
greater proportion of subjects with values < LLOQ for PFOA; however, only 5 
samples were less than the LLOQ of 1.9 ppb. The geometric mean of PFOA for all 
of the participants was 4.9 ppb (95% Cl, 4.7 - 5.1 ). The range was 1.9 to 56.1 ppb. 
~ .. ~e~e ch!!drer? had s!gr?!fica~t'y {p<. O~} higher geometric mean serum PFO:'\ ~cvc!s 
than females: 5.2 ppb and 4.7 ppb, respectively. In simple linear regression 
analyses, age was significantly (p < .05) negatively associated with PFOA in both 
males and females. When stratified by age, the geometric mean of PFOA was 
highest at age 4 (5 .7 ppb) and lowest at age 12 (3.5 ppb). Although the data were 
not reported, a graphical presentation of log PFOA levels for each state by gender 
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looked similar across the states; however, it is difficult to interpret these data 
without the data and given the limited sample size for each gender/location 
subgroup. In bootstrap analyses, the mean of the 95% tolerance limit for PFOA was 
10.1 ppb with an upper 95% confidence limit of 11.0 ppb. PFOS and PFOA were 
highly correlated (r = .70) in this study. PFOA and PFHS 
(perfluorohexanesulfonate) were also correlated (r = .48). 

The above 3 studies indicate similar geometric means and ranges of PFOA among 
sampled adults, children, and an elderly population. However, an unexpected 
finding was the level of PFHS and M570 (N-methyl 
perfluorooctanesulfonamidoacetate) in children. These serum levels were much 
higher in the sampled children than in the sampled adults or elderly. It is not clear 
why this occurred, but it is probably due to a different exposure pattern in c~ildren. 

In another study, the PFOA concentration was analyzed in human sera and liver 
samples (Olsen et al. , 2001d). Thirty-one donor samples were obtained from 16 
males and 15 females over an 18-month period from the International Institute for 
the Advancement of Medicine (llAM). The average age of the male donors was 50 
years (SD 15.6, range 5-69) and the average age of the female donors was 45 
years (SD 18.5, range 13-74). The causes of death were intracranial hemorrhage 
(n = 16 or 52%), mofor vehicle accident (n = 7 or 23%), head trauma (n = 4 or 
13%), brain tumor (n = 2 or 6%), drug overdose (n = 1 or 3%) and respiraiory arrest 
(n = 1 or 3%). Both serum and liver tissue were obtained from 23 donors; 7 donors 
contributed liver tissue only and 1 donor contributed serum only. Serum samples 
were obtained from 5 ml of blood; liver samples consisted of 10 g of tissue. 
Samples were frozen at llAM and shipped frozen to 3M for analysis. Samples were 
extracted using an ion-pairing extraction procedure and were quantitatively 
assayed using HPLC-ESMSMS and evaluated versus an unextracted curve. 
Extensive matrix spike studies were performed to evaluate the precision and 
accuracy of the extraction procedure. Serum values for PFOA ranged from < LOQ 
(<3.0) - 7.0 ng/ml. Assuming the midpoint value between zero and LOQ serum 
value for samples 
5.0 Preliminary Risk Assessment 

For this preliminary risk assessment, a margin of exposure (MOE) approach was 
used to describe the potential for developmental toxicity associated with exposure 
to PFOA and its salts. The MOE is calculated as the ratio of the NOAEL, LOAEL, or 
BMDL for a specific endpoint to the estimated human exposure level. The MOE 
does not provide an estimate of population risk, but simply describes the relative 
"distance" between the exposure level and the .NOAEL, LOAEL, or BMDL. 

For many risk assessments, the MOE is calculated as the ratio of the administered 
dose from the animal toxicology study to the estimated human exposure level. The 
human exposure is estimated from a variety of potential exposure scenarios, each 
of which requires a variety of assumptions. A more accurate estimate of the MOE 
can be derived if measures of internal dose are available for humans and the 
animal model. In this preliminary risk assessment, serum levels of PFOA, which is 
a measure of internal dose, were available for the animal toxicology studies and 
from human biomonitoring studies. Thus, internal dose was used for the calculation 
of MOEs in this assessment. 

5.1 Selection of Developmental Endpoints 

As stated in the section entitled "Scope of the Assessment", the purpose of this 
preliminary assessment was to determine the potential of developmental toxicity 
_ .... ,.._,..,_._,..,, •• ;.a.... _..., ... - .... , ... _ "- O~r'\J\ _ ... ,..i ;., .,... ,..-1+ .... If.,._ ,_,.. •h_ .,,_,_ .. _ ... ___ ...,,.._ ... , •-
a~ovvt o: t.v·....: 't<r1 t 1: \.,,o .:--~fl ~-"\;U1'V t.\.l ~- t vr\ c.:i:::~ •t.~ .;,.;-;:.~ ; ;..;.:: , rt -rr~~~ u1 ·~~~ ~v : ~ ttV""'C~~cu y LV 

determine which endpoints from the animal toxicology studies would be relevant for 
this assessment. The selection of developmental endpoints for this assessment 
was based on the Agency's Developmental Toxicity Risk Assessment Guidelines 
(EPA, 1991 ). According to the guidelines, the period of exposure for developmental 
toxicity is prior to conception to either parent, through prenatal development and 
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continuing until sexual mat_uration. In contrast, the period during which a 
developmental effect may be manifested includes the entire lifespan of the 
organism. 

Several oral prenatal developmental toxicity studies of APFO have been conducted 
in rats and rabbits. A summary of the exposure duration and the LOAELs and 
NOAELs are presented in Table 4. 

Table 4. Summary of Oral Prenatal Developmental Toxicity Studies 

El Exposure Time LOAEL NOA EL Endpoints Reference Duration Assessed mg/kg/day mg/kg/day 

Sprague- EJEJEJEJ Gortner Dawley rat . GD 6-15 GD 20 none · 150 
1981 

' 
(n=22/group) 

Sprague- IGDS-15 IEJEJl100 . I Staples, Dawley rat I (n=25/group) 111.984 

IGDS-15 IEJEJEJ ~~~·· 1 Sprague-
Dawley rat 
(n=12/group) 

New Zealand /GDS-18 IEJDD ~~8~er, white rabbit 
(n=18/group) 

* - there was a dose-related increase in a skeletal variation, extra ribs or 13th rib, 
with statistical significance at the high-dose group (38% at 50 mg/kg/day, 30% at 5 
mg/kg/day, 20% at 1.5 mg/kg/day, and 16 % at 0 mg/kg/day). 

In addition, developmental effects were observed in the oral two generation 
reproductive toxicity study that was conducted in Sprague-Dawley rats (York, 
2002). For selection of the developmental endpoints from this study, attention was 
focused on effects that were noted during the period of developmental exposure. 
Thus, only effects that occurred up to sexual maturation were considered relevant 

mg/kg/day APFO, there was a reduction in F1 mean body weight on a litter basis 
during lactation (sexes combined). For F1 females, there was a significant increase 
in mortality mainly during the first few days after weaning, and a significant delay in 
the timing of sexual maturation in the 30 mg/kg/day group. For F1 females, the 
LOAEL for developmental toxicity was considered to be 30 mg/kg/day, and the 
NOAEL was 10 mg/kg/day. For F1 males in the 30 mg/kg/day group, there was an 
increase in mortality mainly during the first few days after weaning, a significant 
delay in the timing of sexual maturation, and a significant reduction in mean 
postweaning body weight that began on day 8 and continued through the duration 
of the study. At 10 mg/kg/day, mean body weights were significantly reduced 
beginning on day 36 postweaning and continuing through the duration of the study. 
For F1 males, the LOAEL for developmental toxicity was considered to be 1 O 
mg//kg/day, and the NOAEL was 3 mg/kg/day. The NOAEL for the F2 generation 
offspring was considered to be 30 mg/kg/day. No treatment-related effects were 
observed at any doses tested in the study. However, it should be noted that the F2 
pups were sacrificed at weaning, and thus it was not possible to ascertain the 
potential post-weaning effects that were noted in the F1 generation. 

The database that is available to examine the potential developmental toxicity 

I 
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associated with oral exposure to APFO thus consists of two prenatal studies in 
Sprague-Dawley rats, a prenatal study in New Zealand white rabbits, and a two 
generation reproductive toxicity study in Sprague-Dawley rats. Since no 
developmental toxicity was noted in the prenatal studies in Sprague-Dawley rats 
these studies were not considered for the calculation of the MOEs. The effects 
noted in the prenatal study in New Zealand white rabbits and in the two generation 
reproductive toxicity study in Sprague-Dawley rats were considered important for 
the calculation of the MOEs. 

5.2 Use of Serum Levels as a Measure of Internal Dose for Humans 

Serum levels of PFOA were available from human biomonitoring studies. These 
provide a measure of total human exposure and a measure of internal dose. The 
populations that were considered relevant for assessing the potential for ·· 
developmental toxicity included children and women of child bearing age. 
Estimates of general human population exposure were available from recent · 
analyses of individual serum samples from a group of children (2-12 years) and 
adults (20-69 years). Individual serum data were also available from a recent 
analysis of a group of elderly adults (65-96 years) . However, these data were not 
included in this analysis given that the concerns are for women of child bearing 
age. The data obtained from the pooled blood samples from blood banks and 
commercial sources were not used in the calculation of the MOEs 9iv~11 the 
limitations of these data. 

A summary of the human serum levels of PFOA that were considered in the 
calculation of MOEs is provided in Table 5. The arithmetic means and ranges are 
presented in order to display the higher end of the range of PFOA serum levels in a 
small segment of these populations. The geometric means and 95% confidence 
intervals are presented because the serum levels represent what appears to be a 
log normal distribution. Gender specific data were available for the geometric mean 
and range, but not for the arithmetic mean. Since the geometric means for the 
males and females were very similar (4.2 ppb for females and 4.9 ppb for males), 
the value used in the MOE calculation was the mean for sexes combined which 
was 4.6 ppb. The value for sexes combined was used so that MOEs could be 
calculated using both the arithmetic and geometric means. The use of the value of 
4.6 ppb versus the gender specific levels of 4.2 and 4.9 ppb has minimal impact on 
the resulting MOE in this preliminary risk assessment. 

Table 5. Summary of Levels of PFOA in the Serum of Human Populations 

I Population I Ar~e~~tic I Range I Geometric [![] Mean I 

Adults (20 - 69 years, 

EJ~EJ[] American Red Cross blood 52.3 ppb 4.6 ppb ~:b 
banks,2000, n=645) 

Children (2-12 years, 1995, EJ~EJ[J n=598) 551 b· 4.9 ppb s,1 
. pp ppb . 

5.3 Use of Serum Levels as a Measure of Internal Dose for Animal Studies 

Serum levels of PFOA were available as a measure of the internal dose of humans. 
Thus, only those animal studies with serum levels of PFOA were considered for the 
calculation of the MOEs. Since no information on serum levels was available for the 
prenatal developmental toxicity study in New Zealand white .rabbits, MOEs were not 
calculated for the endpoints from this study. Serum levels were available for the two 
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generation reproductive study in Sprague-Dawley rats. Therefore, this study was 
used for the calculation of the MOEs. 

In the two generation reproductive toxicity study in Sprague-Dawley rats, the 
LOAEL for developmental toxicity was considered to be 30 mg/kg/day, and the 
NOAEL was 1 D mg/kg/day for the F1 females. For the F1 males, the LOAEL for 
developmental toxicity was considered to be 10 mg/kg/day, and the NOAEL was 3 
mg/kg/day. Serum levels of PFOA were not measured in the F1 animals. Serum 
levels were available for FO animals in the control, 1D and 3D mg/kg/day groups. 
Serum levels were not measured in the 1 and 3 mg/kg/day groups. The serum 
levels were measured in the FO males at the end of the cohabitation period, while 
serum levels were measured on lactation day 22 in the FD females. For both sexes, 
the serum levels were measured 24 hours after the administration of the last dose. 

For this preliminary risk assessment, the serum levels for the FO animals were used 
to provide an estimated range of potential serum levels in the F1 animals. The 
following approach was employed. It was reasoned that if prenatal and/or 
lactational exposures were important in eliciting the developmental effects, then the 
serum levels in the dam (i.e. FO females who were being administered APFO) 
would be the most representative of the serum levels in the F1 pups. The serum 
levels in the FD males would not be informative. It was further reasoned that if 
postwaaning 6;..;posJres were important then the serum levels for the FO males 
would be the most appropriate estimate for the F1 males, and similarly the serum 
levels in the FD females would be the most appropriate estimate for the F1 females. 

If prenatal and/or lactational exposures were important, several other factors had to 
be considered. First, serum levels were measured in the FO females 24 hours after 
dosing. Given that the serum half-life in female rats is less than 24 hours, this value 
would represent the low end of exposure. Since the peak exposure of the FO 
females is not known, it was reasoned that it was unlikely that the peak exposure to 
the FO females was higher than the serum level in the FO males in the same dose 
group since the serum half life of PFOA in male rats is 4.4 - 9 days, and therefore 
with a daily dosing regime they would tend to accumulate PFOA. Therefore, the 
serum levels in the FD males and females in the 1 O mg/kg/day were used to 
provide a range of values for the calculation of the MOEs; the serum levels were 
51 .1 and 0.37 ppm in the FO males and females, respectively. The serum levels of 
the FO females probably represent a low internal dose for the F1 animals and the 
serum levels of the FO males probably represent a high internal dose for the F1 
animals. 

For the scenario where postweaning exposures are important, the serum ieveis in 
FO females would be the most appropriate estimate of the serum levels in F1 
females. For F1 females, the same rationc;ile was applied for this scenario as was 
applied to the previous scenario for prenatal and/or lactational exposures. 
Therefore, the serum levels in the FO males and females in the 10 mg/kg/day were 
used to provide a range of values for the calculation of the MOEs. 

Similarly, for the scenario where postweaning exposures are important, the serum 
levels in the FO males would be the most appropriate estimate of the serum levels 
in F1 males. For this assessment, the LOAEL for developmental effects in the F1 
males was considered to be10 mg/kg/day and the NOAEL was considered to be 3 
mg/kg/day. However, serum levels for the FO males were only measured in the 10 
and 3D mg/kg/day groups; there was no information available for the 3 mg/kg/day 
group. In addition, it was not possible to extrapolate the serum levels to the lower 
adm!n!stered dci~es e~ the vahJes appear tc have reached ~ p!ateau at 10 a~d 30 
mg/kg/day (51.1 and 45.3 ppm, respectively) and are not linear. Therefore, for this 
preliminary assessment the serum levels from the FD males in the 1 D mg/kg/day 
group were used in the calculation of the MOEs. 

5.4 Calculation of MOEs 
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-
The human populations of concern for this preliminary assessment are women of 
child bearing age and children. As stated in section 5.2, the serum data from the 
American Red Cross study included both men and women, ages 20-69. As 
explained in section 5.2, since the data were not consistently reported separately 
for each gender and since the geometric means were very similar for males and 
females, the means for the sexes combined are used as a surrogate for women of 
child bearing age. The MOEs were calculated by dividing the serum values for the 
FO female and male rats in the 10 mg/kg/day group (0.37 ppm and 51.1 ppm, 
respectively) in the two generation reproductive toxicity study by the American Red 
Cross blood samples and children's samples presented in Table 5. The MOEs for 
potentially exposed populations are presented in Table 6. 

It is important to note that MOEs that were calculated from the serum levels in the 
FO female and male rats provide a means to bracket the low and high ends of 
reported experimental exposures. This is an unusual situation in that MOE 
estimates, which typically represent point estimates, are described here as a range 
of potential values due to uncertainties in the rat serum data. This situation arises 
from the fact that the available data do not allow selection of a particular departure 
point for the MOE calculations. It is likely that the MOEs calculated using the FO 
female rat serum level are lower than what would be anticipated in the human 
population, and it is likely thai MOEs calculated using the FO male ra~ serum level 
are higher than what would be anticipated in the human population. As uncertainty 
around the rat serum values decreases the end brackets are likely to shift towards 
the middle of the current ra:ige. Therefore, MOE values presented in Table 6 
should not be interpreted as representing the range of possible MOEs in the US 
population. It is likely that when more extensive rat kinetic data are available, the 
resultant, refined estimated range of MOEs will constitute a narrower subset of the 
range presented here. 

Table 6. MOE Calculations for Potentially Exposed Populations Using FO Rat 
Serum Values and Human Serum Values 

Human Population 
MOE values calculated using rat serum values from 

the 2-generation reproductive study1 

Women of 

I __ Childbearing Age2 

.. ... .. ,.., .. ,..,. 
II ilr'ITnmOTI,.. ma"'.:3n 11nn ___ ,,,P"'\ 

I \111.lllllVLIV lllV\.All 

I~~ ---1-1"~~9 Geometric mean 

Children3 

Arithmetic mean 66 - 9125 

Geometric mean 75 --10,429 

1 Estimated MOE values are bracketed by the serum level concentrations in the FO 
females (0.31 ppm) and the FO males (51.1 ppm). 
2The American Red Cross serum samples were used as an estimate of the 
arithmetic and geometric means in women of child bearing age. 
3The sampies irom the Chiidren's study were used as an estimate of the arithmetic 
and geometric means. 

The MOE that was calculated at the low end of the range using the rat female FO 
serum levels and the arithmetic mean for the adults is 66, while the MOE that was 

I 
' 

I 

http: //www.epa.gov I oppt/pfoa/pfoara.htm 8/19/2004 



EPNOPPT: Office of PoJJ ion Prevention & Toxics (OPPT): PerfJ~-· 0rooctanoic Acid( ... Page 43of50 
( 

calculated using the geometric mean for the adults is 80. The MOEs that were 
calculated at the high end of the range using the serum levels of the rat FO males 
and the arithmetic or geometric means for the adults range from approximately 
9,000-11,000. If the upper and lower values of the human serum levels are used in 
the MOE calculation with the rat FO females, the resulting MOEs are 195 and 7. If 
the upper and lower values of the human serum levels are used in the MOE 
calculation with the rat FO males, the resulting MOEs are 26,895 and 911. 

The MOEs for children were calculated by dividing the serum values for the rat FO 
females and males in the 10 mg/kg/day group (0.37 ppm and 51.1 ppm, 
respectively) by the biomonitoring values presented in Table 5. The MOE that was 
calculated at the low end of the range using the rat female FO serum levels and the 
arithmetic mean for the children is 66, while the MOE that was calculated using the 
geometric mean for the children is 75. The MOEs that were calculated at the high 
end of the range using the serum levels of the rat FO males and the arithmetic or 
geometric means for the children range from approximately 9,000-10,400. If the 
upper and lower values of the childrens' serum levels are used in the MOE 
calculation with the FO females, the resulting MOEs are 195 and 6.6. If the upper 
and lower values of the childrens' serum levels are used in the MOE calculation 
with the FO males, the MOEs are 26,895 and 911. 

5.5 Uncertainties in the Preliminary Risk Charactedzation 

Some of the uncertainties encountered in this preliminary risk assessment are 
common for many risk assessments. One such example pertains to the choice of 
the animal model. In this preliminary assessment, serum levels were not available 
for the oral rabbit prenatal developmental toxicity study and therefore this study 
was not used in the calculation of the MOEs. It is not known whether rabbits are a 
more appropriate animal model than rats. 

Other uncertainties that are common for many assessments have been avoided in 
this preliminary assessment through the use of a measure of internal dose of PFOA 
for both humans and the rat animal model. This approach has avoided many of the 
pitfalls encountered in trying to estimate human exposure levels through the 
application of various models and assumptions. Unlike many environmental 
chemicals where it is only hypothesized that humans are exposed, serum data from 
humans gives direct evidence that exposure to PFOA has occurred in the general 
public, and provides a measure of internal dose. Although, it is not known when or 
how exposure has occurred, this is less of an issue for PFOA given its long half life 
in humans. Therefore, the MOEs calculated in this preliminary risk assessment can 
be considered to be a more accurate comparison of the relative "distance" between 
the exposure ievei and the NOAEL than if administered dose had been used. 

Although the use of serum levels as a measure of internal dose introduces 
uncertainties that are unique to this assessment, many of these have been · 
accounted for through the use of a range of MOEs. For example, one area of 
uncertainty pertains to the use of serum data for the FO animals as estimates of 
serum levels in the F1 animals. As noted in the previous section, it is not known 
whether the effects on postweaning mortality, body weight, or age of sexual 
maturation were due to prenatal exposures, lactational exposures, postweaning 
exposures, or a combination of one or more of these exposure periods. In niost risk 
assessments, no attempt is made to determine which of these exposure periods is 
important. A major strength of this preliminary assessment is that each of these 
exposure periods was considered in order to determine the appropriateness and 
uncertainties associated with the use of the serum levels from the FO animals. 

It was reasoned that if prenatal and/or lactational exposures were important then 
the serum levels in the FO females would be the most appropriate estimate for the 
F1 animals. If postweaning exposures were important then the serum levels for the 
FO males would be the most appropriate estimate for the F1 males, and similarly 
the serum levels in the FO females would be the most appropriate estimate for the 
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F1 females. It was not possible to make a "direct" estimate of F1 serum levels from 
the serum levels in the FO females for the prenatal and/or lactational exposure 
scenario for several reasons. First, as noted in the previous sections, there is a 

· gender difference in the elimination of PFOA in rats. In female rats, estimates of the 
serum half life range from 1.9 to 24 hours, while in male rats estimates of the serum 
half life range from 4.4 to 9 days. In female rats elimination of PFOA appears to be 
biphasic; a fast phase occurs with a half life of approximately 2- 4 hours while a 
slow phase occurs with a half life of approximately 24 hours. In the two generation 
reproductive toxicity study, the animals were dosed by gavage once daily. The 
serum levels were measured 24 hours after dosing. Thus, the values obtained for 
the FO females represent the low end of exposure. With no knowledge of the peak 
exposures, it was reasoned that it was unlikely that the peak exposure would be 
higher than the serum level in the FO males in the same dose group since they 
would tend to accumulate PFOA with a daily dosing regime. Therefore, the strategy 
that was employed in this assessment was to use the MOEs that were calculated 
from the serum levels in the FO females and males as a range or as a means to 
bracket the low and high ends of exposure. Thus, it is likely that the MOEs that 
were calculated using the FO female serum levels are probably too low, while the 
values calculated from the FO male serum levels are probably too high. 

As noted above, the serum levels from the FO females would be the most 
appropriate estimate for tile F1 females if postweaning exposures were important. 
Given the issues associated with the gender difference in elimination of PFOA in 
rats and the timing of serum collection in the FO females, the same logic which was 
applied for the prenatal and lactational exposures was also used for this scenario. 
Again, the MOEs that were calculated from the serum levels in the FO females and 
males were viewed as a range or as a means to bracket the low and high ends of 
potential exposure. 

Similarly, the serum levels from the FO males would be the most appropriate 
estimate for the F1 males if postweaning exposures were important. As stated 
above, the LOAEL for developmental effects in the F1 males was considered to 
be10 mg/kg/day and the NOAEL was considered to be 3 mg/kg/day. However, 
serum levels for the FO males were only measured in the 10 and 30 mg/kg/day 
groups; there was no information available for the 3 mg/kg/day group. In addition, it 
was not possible to extrapolate the serum levels to the lower administered doses 
as the values appear to have reached a plateau at 10 and 30 mg/kg/day (51.1 and 
45.3 ppm, respectively) and are not linear. Thus, if postweaning exposures were 
important, the MOEs based on the serum levels in the FO males would be too high 
and underestimate potential risks. Again, this uncertainty has been accounted for in 
this preliminary assessment through the calculation of a range of MOEs. 

In the scenarios presented above, the serum levels of the FO males were viewed as 
an overestimate given that male rats tend to accumulate PFOA given the long half 
life and the fact that saturation had apparently occurred. One line of reasoning that 
would support the statement that the serum levels from the FO males are probably 
too high an estimate of peak exposure in the FO females is provided by 
consideration of the serum half life of PFOA in female rats. Four studies have 
examined serum half life in a variety of rat strains; these studies have employed 
different routes of exposure and different methods for quantitating serum PFOA 
levels. Two of these studies were most relevant to the rat strain and route 
employed in the two generation reproductive toxicity study. Ophaug and Singer 
(1980) estimated a serum half life of 10 hours after administering female Holtzman 
rats a gavage dose of 8 mg/kg, while Vanden Heuvel et al. (1991 b) estimated a 
serum half life of 4 hours after administering female Harlan Sprague-Dawley rats an 
intraper:toneai dose of 4 rngikg. Using a serurn ha if Hfe vah.Je cf 1 O hours ;r.·vuid 
yield a peak internal dose of approximately 1.85 ppm, while a serum half life of 4 
hours would yield a peak internal dose of approximately 24.7 ppm. While neither of 
these values may be absolutely correct given that serum half life has not been 
reported for the rat strain and dosing conditions used in the two generation 
reproductive toxicity study, both values do support the statement that the serum 
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levels in the FO males are probably too high (1.85 and 24. 7 ppm versus 51.1 ppm). 
Thus the resultant MOEs using the FO male serum values probably underestimate 
the potential risks. 

It is possible that lactational and postweaning exposures fo the F1 pups may have 
been higher than the exposures to the FO females due to the time required for 
maturation of the clearance mechanism. First, the clearance is under hormonal 
control and these hormones do not reach adult levels until puberty. Second, recent 
studies have examined the role of three organic anion transporters (OAT), OAT1, 
OA T2, and OAT3, in the urinary elimination of PFOA in the rat. Kudo et al. (2002) 
has provided evidence that OAT2 and OAT3 may be involved. A study of 
developmental and gender-specific influences on the expression of rat OATs in the 
kidney has shown that at birth all OAT mRNA levels are low (Buist et al., 2002). 
Renal OA T1 expression approaches adult level at 30 days, where at day 40 and 45 
OA T1 levels were greater in males than females. OA T2 expression was minimal 
through day 30 but increased dramatically only in females at day 35. OAT3 
expression matured the earliest and reached adult levels at 10 days. If these OATs 
are important, then this developmental profile would suggest that the PFOA 
clearance in juvenile female rats. is less than in adult female rats. Therefore, the 
serum levels in the females prior to sexual maturation may be higher than in the 
adult, and the resultant MOEs would also be higher. However, it is important to 
noie that the MOEs in this situation would still fall within the range of MOEs that 
were calculated in this preliminary assessment. 

There are several other uncertainties unique to this assessment. The first pertains 
to the choice of developmental endpoints. This preliminary assessment utilized 
endpoints from the two generation reproductive toxicity study that could be directly 
attributed to developmental exposures. Another way to ascertain potential 
development~! effects would be to compare the magnitude and dose levels of the 
systemic toxicity that was observed in the F1 animals (developmental and adult 
exposures) at the end of the study period with those systemic effects noted in the 
FO animals (adult exposures only). For example, if organ weight changes were 
greater in F1 than FO animals or if changes occurred at lower doses in the F1 
animals, this may be indicative of the importance of developmental exposures. In 
the FO males, there were significant reductions in the absolute weights of the left 
and right epididymides, left cauda epididymis, seminal vesicles (with and without 
fluid), prostate, pituitary, left and right adrenals, spleen, and thymus at 30 
mg/kg/day. In the F1 males, the effects on many of these organ weights occurred at 
lower doses. This may indicate that the developmental exposures were important, 
and that the LOAEL and NOAEL are lower than the values used in this preliminary 
assessment. If true, this preliminary assessment would have underestimated 
potentiai risks. 

Another area of uncertainty pertains to the use of the serum levels as a measure of 
internal dose. PFOA behaves differently from many other persistent environmental 
contaminants in that it is not stored in adipose tissue. It is not clear whether it binds 
to proteins or other macromolecules, but it is clear, based on animal studies, that 
PFOA enters enterohepatic circulation. Animal studies indicate that PFOA mainly 
partitions to blood serum and the liver. In this preliminary assessment, serum levels 
were used primarily because this was the only information available for humans. 
However, it is possible that area under the curve, liver levels, the ratio of serum to 
liver levels, or some other measure may be more appropriate dose metrics. 

In addition, the apparent biphasic elimination of PFOA in female rats raises an 
important issue, whether the observed effects are due to the kinetics associated 
v:ith the fast er s! c\.·~, enm:nat;cn phase ir1 the fcrna~es . The data current~y availab~e 
do not allow development of this potentially important issue. In this preliminary 
assessment, the serum values for the FO males were used to provide an estimate 
of the peak exposure of the FO females. The MOEs that were then calculated from 
the serum levels in the FO females and males provide a means to bracket the high 
and low ends of exposure. If the effects are associated with the slow elimination 
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phase, then the serum levels in the FO females and the resultant MOEs would be 
more realistic. 

Another area of uncertainty pertains to the differences in the serum half life in 
humans and rats. In humans, the serum half life is years, while in the rat it is less 
than 24 hours in females and 105 hours in males. To date, there is no evidence of 
a gender difference in the elimination of PFOA in humans. Thus, humans appear to 
be more similar to male rats in that they will tend to accumulate PFOA and will have 
a more continuous internal exposure. It is not known how this would impact 
potential risks of developmental toxicity in humans. 

Finally, there is some uncertainty regarding the use of the human biomonitoring 
data. Although the available data include a range of populations with various 
demographics, there may be some populations that may not be represented. Since 
it is unknown how the human exposures are occurring, proximity to a 
manufacturing plant may be a factor in exposure. However, populations living near 
the plants were not sampled. Therefore, it is possible that PFOA serum levels may 
be underestimated for certain portions of the U.S. population. The children's sample 
was derived from blood collected in 1994/1995; therefore, it may not reflect the 
current status of PFOA in children's blood. It is not clear how PFOA may affect 
more sensitive subpopulations or if their exposures would vary. 

6.0 Overall Conclusions 

This preliminary risk assessment focused on the potential risks for developmental 
toxicity associated with exposure to PFOA and its salts. Concerns for 
developmental toxicity were raised from the results of a rat two-generation 
reproductive toxicity study of APFO . In this study, there was a reduction in F1 
mean body weight on a litter basis during lactation (sexes combined). Postweaning 
mortality and delayed sexual maturation were noted in F1 females administered 30 
mg/kg/day APFO; the NOAEL for developmental effects for F1 females was 10 
mg/kg/day. Postweaning mortality, delayed sexual maturation and a significant 
reduction in postweaning body weights were noted in F1 males at 30 mg/kg/day, 
and a significant reduction in postweaning body weight was noted at 10 mg/kg/day. 
For F1 males, the LOAEL for developmental effects was 1 O mg/kg/day and the 
NOAEL was 3 mg/kg/day. For calculation of the MO Es, the human populations that 
were considered included women of child bearing age and children. Estimates of 
general human population exposure were available from recent analyses of 
individual serum samples from a group of children (2-12 years) and adults (20-69 
years). For the populations of interest, calculations using human adult serum levels 
and children serum levels in combination with rat serum values from the oarental 
(FO) femaies and maies produced a range of overlapping MOE values that extends 
from less than 100 to greater than 9000. There are a number of important 
uncertainties discussed in this document that provide a context for considering 
these MOEs as a range of potential values. Interpretation of the significance of the 
MOEs for ascertaining potential levels of concern in exposed populations will 
necessitate a better understanding of the appropriate measure of exposure in rats, 
and the relationship of the latter to human serum levels. 
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